
About your Physics and Chemistry ESO 3 book
Physics and Chemistry 3 is organised into three blocks. Each content block is divided into units.

BLOCKS 
The basic knowledge areas are covered in three blocks called Matter and how it changes, Interaction and Road safety 
for pedestrians, drivers and passengers. The content is dealt with in the units of each block as well as in the Work on 
your key competences tasks at the end of each unit.

 
 
 
The block introduction includes an 
overview of the topics covered in the 
units in that block and the different 
learning situations in each of them. It 
also contains a brief presentation of 
the project that comes at the end of 
the block.

Matter and how it changes
Can you name five chemical elements present in the human body? Did you 
know that some radioactive elements can save lives? Do you think that your 
community is using water sustainably? Can you name five materials that are 
manufactured in the chemical industry and three chemical reactions that take 
place in your body or in your environment?

The answers to these questions are found in the study of the elements 
of the periodic table and the compounds that they form with each other, 
as well as the chemical changes that occur in matter due to chemical 
reactions and how we preserve the environment. These topics will all be 
addressed throughout this block, which comprises unit 2, The atom and 
the periodic table, unit 3, Elements and compounds and unit 4, Chemical 
reactions.

In the opening texts of these units, you’ll have the opportunity to reflect 
on the properties of basic chemical substances, how these properties 
determine the rules of chemistry, how chemical elements interact and 
their contribution to the development of our society.

At the end of each unit, we give you a task where you’ll carry out various 
activities, individually or in a group, related to elements and compounds 
of special interest and the impact of the chemical industry throughout 
history. For example, in unit 2 you’ll construct a periodic table of health-
related elements and prepare a personalised balanced diet. The objective 
of the task in unit 3 is also twofold and you’ll investigate the sustainability 
of water use in your school and also describe the properties of a specific 
substance and its possible applications. The task in unit 4 is about 
researching the positive and negative aspects of one part of the chemical 
industry.   

We’re in an era of great challenges, and chemistry professionals are playing 
a crucial role in the conservation of the future of our species. Throughout 
this block you’ll have the opportunity to learn in detail about six of the 17 
Sustainable Development Goals defined by the UN and their targets for 
solving society’s current problems.

To finish this block, you'll carry out a collaborative research project in 
which you’ll design a multi-format campaign on the sustainability of your 
environment, focusing on a healthy diet and responsible everyday water 
use.

BLOCK I Units 2, 3 and 4
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Project 
Are your surroundings sustainable?
Did you know that only 0.07% of the water that exists on our planet is drinkable? Moreover, this amount continually decreases 
due to pollution?
The path to achieving the Sustainable Development Goals depends on people individually adopting specific behaviours. 
It’s obvious that a single person can’t end world hunger, but they can access reliable information and incorporate small, 
meaningful changes in their lives to improve their diet and reduce the global impact of their actions, as mentioned in 
Sustainable Development Goal 2 (Zero Hunger). This individual day-to-day approach can also help to achieve the targets 
set out in Sustainable Development Goal 3 (Health and well-being), which is closely linked to goal 2 in terms of diseases 
related to poor nutrition, and Sustainable Development Goal 6 (Clean water and sanitation). Lastly, because it is closely 
linked to the above, we must also take into account industrial production and the responsible purchase and use of 
consumer products, which are important for combating climate change, as proposed in Sustainable Development Goals 
9 (Industry, innovation and infrastructure), 12 (Responsible production and consumption) and 13 (Climate Action).
In this project we want you to research which elements and compounds are necessary in our diet to maintain good 
health, and those that help us to recover from illness. You’ll relate all this information to the fact that the chemical 
industry produces these substances and many others that we use daily.
To do this, you’ll carry out a survey about what a diet should contain to be considered healthy and, based on the 
results, you’ll prepare an awareness campaign with slogans and posters about healthy nutrition and responsible and 
sustainable consumption.
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 Project 
Is your environment sustainable? Survey, slogans, posters and campaign

Sustainable Development Goal 2, Zero Hunger, aims to end hunger and achieve food security and improved nutrition. This 
goal is closely linked to Sustainable Development Goal 3, Good health and well-being, since the diseases that cause the 
most deaths in Europe are related to poor diet. Sustainable Development Goal 6, Clean water and sanitation, is also linked 
to the previous two, since access to clean water is essential for our nutrition and sanitation. Finally, Goals 9 (Industry, 
innovation and infrastructure), 12 (Responsible production and consumption) and 13 (Climate action) are also closely 
related, given that industrial production and responsible and sustainable consumption involve tacking measures to combat 
climate change.

PROJECT OBJECTIVE 
In this project we propose that you investigate which 
elements and compounds are essential for our health, 
either because they’re part of a healthy diet, or because 
they can help you recover when you get sick. Likewise, 
since water is vital to life, we suggest that you analyse 
whether your community is using water in a sustainable 
way. Because most of the products we consume are 
produced in factories, we also suggest that you think 
about whether the consumption of people close to you is 
sustainable. Finally, with all the information you collect, 
you’ll carry out a campaign to promote healthy eating and 
responsible and sustainable consumption.

The contents and the research tasks carried out in each 
unit will be a good starting point for this project.

PROJECT STAGES 
Research

1   Look for information about:

 a)  the elements and chemical compounds that are 
part of our diet and are used in medicine.

 b)  how we use water at school and at home, and 
about the processes involved in recycling and 
reusing it.

 c)  any product made by the chemical industry that 
has improved peoples’ quality of life.

 d)  the principles of responsible and sustainable 
consumption, and the actions that we need to 
follow so that our community is sustainable.

 e)  the description, data and targets of Sustainable 
Development Goals 2, 3, 6, 9, 12 and 13.

Development and analysis
2   In a small group, conduct a survey about the foods 

people eat weekly, analyse the results and design a 
campaign to promote healthy diets.

3   Make fact files explaining how elements and 
compounds of interest are manufactured and used.

4   Debate simple actions to contribute to the principles 
of responsible and sustainable consumption and, 
consequently, to the achievement of the related 
Sustainable Development Goals. Prepare guidelines, 
including for sustainable water use.

Writing your report
5   Decide the format for your ’healthy diets and 

responsible and sustainable consumption’ campaign.
	 �  Design the form you will use to compile the 

information in an orderly and systematic way.
	 �  Send digital survey to your schoolmates to 

document the type of food they eat every week.
	 �  Prepare posters about, among other things, the need 

for the responsible and sustainable use of water.
	 �  Create slogans about how we can contribute to the 

achievement of Sustainable Development Goals 2, 
3, 6, 9, 12 and 13.

	 �  Use all the information to carry out a campaign 
and include guidelines on diet and responsible and 
sustainable consumption. 

Share your findings
6   Publicise your campaign through:
	 �  posters in classrooms and corridors.
	 �  the school web page.
	 �  a Physics and Chemistry digital magazine.
7   After the campaign has run for a few weeks, repeat 

the diet survey and check if people’s answers have 
changed. Communicate these new results too.
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Don’t forget!
�   Search for information in reliable sources such 

as those produced by official bodies, research 
centres or popular science magazines and confirm 
the information by consulting other sources.  

�   Make a note of the sources you use.
�   Summarise and interpret the content; don’t copy 

it directly.
�   Collect data and images related to the 

consequences of poor nutrition and the 
unsustainable use of water. 

�   Consult the 2030 Agenda to find information on 
the Sustainable Development Goals.

Personal and collective initiative
�		Check if your guidelines on the approriate use of 

water have an effect on reducing consumption.
�		In your school community, promote recycling, 

waste separation and the possible reuse of 
products as an act of responsible consumption.

BLOCK I BLOCK I

In this project you’ll...
�   search for and select information from different 

sources. 
�   identify elements and compounds that play an 

important role in people’s health.
�   design a campaign for responsible water use.
�   analyse if resources are used responsibly and 

sustainably in your surroundings.
�   understand, communicate and promote the value 

of active participation towards the fulfillment of the 
Sustainable Development Goals.

 Project guide

Don’t forget.
�		Summarise the selected information in short 

sentences.
�		Make sure the message you want to convey is 

clear.
�		In your surveys, make sure that the questions 

are few and very clear, and that the answers are 
concise, such as yes/no or a numerical value.

Don’t forget.
�		Coordinate between groups so that surveys 

and campaigns have a common format.
�		Avoid information overload. It is better to use less 

information that is clear and makes an impact.
�		Design your materials to ensure that they’re 

attractive, and use fonts and colours that are clear 
to read.

�		Include the sources of images and graphics.

SELF-ASSESSMENT 
Access the GENiOX Desktop and complete the following table to assess your work on the project.

LEARNING SITUATION        

Excellent Satisfactory In progress Not Achieved

The survey has been written in a clear way and the answers of the 
respondents have been useful.

… … … …

The information on the posters, displays and the campaign is direct, 
attractive and effective.

… … … …

The materials are clear and attract our attention. … … … …

The coordination of the work with the other groups has been 
smooth.

… … … …

WORK ON YOUR KEY  
COMPETENCES

Newton's laws and road safety

How is it that during a sudden 
stop or collision, a passenger 
without a seat belt will continue 
to move with the same velocity 
as the vehicle before the stop or 
collision, even while inside the 
vehicle?

We suggest that you investigate 
and find out the relationship 
between Newton's laws and the 
different security systems in 
road vehicles.

With this information, prepare a 
list of good practices regarding 
the use of safety elements in 
vehicles such as bicycles, buses, 
cars, motorcycles and electric 
scooters. Write a rigorous 
scientific justification of the 
good practices you propose.

Newton's laws
1   Newton's laws

2   The law of universal gravitation

3   Weight

4   Acceleration due to gravity

5   The force of friction

REVISION ACTIVITIES

SCIENCE PRACTICAL
The centre of gravity and the 
balance of bodies

Comunicación oral y escrita

Keep a safe distance!  
In addition to road safety rules, motor vehicles have an increasing number 
of systems designed to improve their control and response in risky 
situations. Now, how do the active and passive passenger safety elements 
of a vehicle work? What’s the physical or engineering reasoning behind these 
mechanisms?  The main objective of active safety systems is to avoid a 
traffic accident. For example:

  the anti-lock braking system, known as ABS, prevents the brakes from 
locking in a strong and sudden braking situation.

  stability control maintains the vehicle’s trajectory in a skid.

  traction control prevents the wheels from losing their grip on the road.

  tyre monitors warn if the pressure isn’t correct.

When active safety systems fail to prevent an accident, passive safety 
systems may prevent or reduce injuries. These are the most important 
passive safety elements:

  seat belts.

   airbags.

  headrests.

  the materials of the windows, chassis and body of the vehicle.

  child seats.

  helmets in the cases of motorcycles, bicycles and electric scooters.

  restraining devices for transporting pets in vehicles.

Road safety is related to the following Sustainable Development Goals  
and targets:

Think and discuss
    

1   How are active and passive 
security systems different?

2   What active security  
systems are you aware of?

3   What does each one do?

4   What passive safety systems 
are you aware of?

5   What active or passive  
safety elements do a bicycle 
or skateboard have?

6   In a small group, discuss the 
importance of wearing a 
helmet when riding a  
bicycle or electric 
skateboard.

7   In a small group, look for 
information about how to 
ride a bicycle both in urban 
and rural areas. Write some 
basic rules for riding a  
bicycle or electric 
skateboard.

8   In your group, discuss the 
basic rules of the previous 
section and how we can all 
contribute to the  
achievement of Sustainable 
Development Goals 3 and 11.

Visita tu Escritorio Geniox y 
accede a Oxford Investigación

UNIT 6

OXFORD INVESTIGATION 
Go to your GENiOX Desktop.

Sustainable Development Goal 3 
(Health and well-being) target 3.6 is: 

by 2030, halve the number of global deaths and 
injuries from road traffic accidents.

Sustainable Development Goal 11 (Sustainable 
cities and communities), which aims to make 
cities and human settlements inclusive, resilient 
and sustainable, defines target 11.2 as:

by 2030, provide access to safe, affordable, 
accessible and sustainable transport systems for all, 
improving road safety, notably by expanding public 
transport.

UNITS
Unit introduction 
This is composed of a number of elements.

A list of the contents 
and sections that are in 
the unit.

To end each block there’s a Learning situation. Here you’ll 
carry out a project that will allow you to put into practice 
what you’ve learned during the block as well as applying your 
creativity, working both individually and as part of a group.

The Work on your key competences tasks at the end of each 
unit will also help you with this project.

The introductory texts have been 
selected to foster individual 
growth (emotional, social and 
academic) and to encourage you to 
respond to the challenges facing 
the world today: the achievement 
of the Sustainable Development 
Goals, children’s rights, gender 
equality and digital competence. 
They’ll also help you to develop 
the personal, academic and 
professional competences you’ll 
need in the future.

In Think and discuss, 
there are activities that 
promote reflection on 
and debate about the 
content of the text.

An introduction to 
the Work on your key 
competences task, 
which is the Learning 
situation  at the end 
of the unit.
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You can access the Project guide via your  
Desktop. This helps you to carry out the different 
stages and complete the self-assessment form.

In addition, we suggest that you go to your  Desktop to access Oxford 
Investigation. You can work with this digital resource, which includes tasks and 
simulators, throughout the unit.



Revision activities 
The Revision activities are organised by topic. They include 
a wide variety of different types of activity that cover the 

different key competences and all of them cover 
the STEM and plurilingual competences.

In the Study skills section, you’ll make a summary 
of the unit, a concept map and a scientific glossary. 
You’ll be able to use all of these resources to 
review the contents of the unit.

Changes in matter
35   You have two different colourless liquids in two 

test tubes. You mix them in a single test tube and 
shake it. After a few seconds you have a yellow 
liquid. Has there been a physical change or a 
chemical reaction? Why?

36   You add a few drops of bleach to an orange soda 
drink and you see its colour disappear. Do you 
think it’s a physical change or a chemical change? 
Explain your answer.

37   Which of the following processes are physical and 
which ones are chemical transformations? Explain 
your answers.

 a.  the electrolysis of water, which decomposes  
it into hydrogen gas and oxygen gas

 b.  water freezing
 c.  heating sugar until it forms caramel or breaks 

down to a black solid
 d.  separating a mixture of oil and water by means 

of a separating funnel
 e.  separating a mixture of iron filings and sand 

with a magnet
 f.  cooking a piece of raw meat
 g.  the evaporation of water when we dry laundry
 h.  digesting food in the digestive tract

Chemical reactions
38   Cu represents the element copper, S the element 

sulphur and CuS the sulphide of copper(II). Use 
your own words to explain what this chemical 
equation represents:  

 S (s) + Cu (s) → CuS (s)

39   Calcium carbonate acid (CaCO3) decomposes at 
high temperatures into calcium oxide (CaO) and 
carbon dioxide (CO2). This process is known as 
calcination. Write the chemical equation for this 
reaction.

40   What’s the name of the theory that explains how 
chemical reactions occur?

41   Explain the following chemical equations in words:
 CuCO3 (s) → CuO (s) + CO2 (g)

H2 (g) + O2 (g) → H2O (l)
HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)

42   Explain what we mean by an effective collision 
between atoms or molecules.

43   Are these sentences true or false? Correct the 
false ones.

 a.  For a chemical reaction to occur, the reactant 
particles only have to collide with enough 
energy.

 b.  For a chemical reaction to occur, the 
particles only have to collide with the proper 
orientation.

 c.  If the reactant particles collide effectively, 
the new bonds that give rise to the product 
particles are always formed. 

44   Observe the following situations and answer the 
questions below.

 

 

 a.  In which case has a chemical reaction taken 
place with an effective collision? 

 b.  Why wasn’t the collision effective in the other 
case? 

 c.  Have bonds been broken in the effective 
collisions? 

 d.  Have new bonds formed in the effective 
collisions?

The law of conservation of mass and the law 
of constant proportions
45   We weigh a candle before and after lighting it and 

observe that after burning, the mass of the candle 
has decreased. Answer the questions.

 a.  Has the law of conservation of mass been 
fulfilled or not? 

 b.  We repeat the experiment but now in a 
covered container. Now the balance indicates 
the same mass as before combustion. What do 
you think has happened?

46   You want to verify that the oxidation reaction of 
a certain metal follows the law of conservation 
of mass. What would you use for it, an open 
container or a closed one? Why? Draw in 
your notebook how you would carry out this 
experiment.

47   Hydrogen reacts with oxygen to give water. What 
mass of liquid water is obtained if 2 g of hydrogen 
reacts exactly with 16 g of oxygen?

48   Calcium reacts with oxygen in the air to give 
calcium oxide (quicklime): 

 calcium + oxygen → calcium oxide 
  Copy the following table in your notebook and 

calculate x, y and z using the law of conservation 
of mass. 

Experiment Mass of 
calcium (g)

Mass of 
oxygen (g)

Mass of calcium 
oxide (g)

1 8 3.2 z
2 4 y 5.6
3 x 0.8 2.8

 a.  Check that this data complies with the law of 
constant proportions. 

 b.  Calculate the percentage of calcium and  
oxygen in the calcium oxide.

49   We react iron with sulphur to obtain iron sulphide: 
 S (s) + Fe (s) → FeS (s)
  We know that 32 g of sulphur reacts exactly with 

56 g of iron.
 a. What mass of iron sulphide is obtained?
 b.  What’s the percentage of sulphur and iron in 

iron sulphide?
Answer: b. 36.36% of S and 63.64% of Fe

50   In an experiment, we verify that 3.2 g of sulphur 
(S) reacts fully with 20 g of mercury (Hg) 
to give mercury(II) sulphide (HgS). Balance 
the reaction and do the calculations for the 
following parts:

S (s)+ Hg (l) → HgS (s)
 a.  the amount of mercury sulphide obtained.
 b.  the mass of sulphur required to fully react with 

5 g of mercury.
 c.  the mass of mercury needed to fully react with 

10 g of sulphur.
 d.  the percentage of sulphur and mercury in the 

mercury(II) sulphide.

Answer: d. 13.8% of S and 86.2% of Hg

Balancing chemical equations
51   Write the chemical equation for the reaction of 

solid magnesium with hydrogen chloride (HCl) 
in an aqueous solution to give solid magnesium 
chloride (MgCl2) and hydrogen gas (H2). Balance  
the chemical equation.

52   Balance these reactions.
 a. Ca (s) + O2 (g) → CaO (s)
 b. CuO (s) + C (s) → Cu (s) + CO2 (g)
 c. Na (s) + Cl2 (g) → NaCl (s)
 d. Al (s) + O2 (g) → Al2O3 (s)
 e. Fe (s) + O2 (g) → FeO (s)

53   Mercury and sulphur react to make mercury  
sulphide according to this formula: 

 S (s) + Hg (s) → HgS (s) 

 If 20 g of Hg reacts:
 a. how much sulphur does it react with?
 b. what mass of murcury sulphide does it   
  produce?

Data: atomic mass S = 32.1; Hg = 200.6 
Answer: a. 3.2 g; b. 32.2 g 

54   If we heat 80 kg of calcium carbonate (CaCO3), 
we obtain carbon dioxide and calcium oxide 
according to the equation:

 CaCO3 (s) → CO2 (g) + CaO (s)
 a.  How much CaO is given off as a product of this 

reaction?
 b.  How much CO2 will we obtain if 160 kg of 

calcium carbonate is heated?
Data: atomic mass Ca = 40.1; C = 12; O = 16 

Answer: a. 44.8 kg

55   Magnesium (Mg) reacts with oxygen (O2) to give 
magnesium oxide (MgO).

 a.  Write and balance this chemical equation.
 b.  If 48.6 g of magnesium reacts with the 

required amount of oxygen, how much 
magnesium oxide is obtained? Answer: 80.6 g

Reaction rates
56   Classify these reactions as slow or fast. 
 a.  burning gas in a kitchen cooker
 b. fruit getting ripe
 c. a piece of meat going bad.
 d. burning a flare
 e. the oxidation of a sheet of iron

Revision activities
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57   Look at the graph of the volume of hydrogen 
obtained as a function of time in the reaction of 
magnesium with hydrochloric acid and answer  
the questions below.

 

t (min)

2 4 6

10

20

30

0

40
VH2

 (cm3)

 a.  What volume of hydrogen is obtained 1.5 min 
after the start of the reaction?

 b. What about at 2.5 min and at 3.5 min?
 c.  How long does it take to obtain 20 cm3 of 

hydrogen?
 d. What about to obtain 30 cm3 of hydrogen?

 e.  Why does the graph stop increasing during the 
last minute of the reaction?

58   By adding a piece of calcium carbonate (limestone 
/marble) to a glass with hydrochloric acid, the 
carbonate gradually disappears, while bubbles 
of carbon dioxide are released. When the CaCO3 
has been completely consumed, the evolution of 
gas ceases and the reaction ends. The chemical 
equation is:

 CaCO3 (s) + HCl (aq) → CaCl2 (aq) + CO2 (g) + H2O (l)
 a.  Identify the reactants and products in this 

reaction.
 b.  Check whether the chemical equation is 

balanced or not. If it isn’t, balance it.
 c.  Suggest how the rate of this reaction could be 

measured. Include a possible unit.

59   Which of the following actions will increase the 
speed of the reaction in the previous exercise? 
And which will decrease it?

 a.  using a single piece of calcium carbonate
 b.  using the same mass of calcium carbonate,  

but in powder form
 c. using concentrated hydrochloric acid
 d. using diluted hydrochloric acid
 e. decreasing the temperature
 f. increasing the temperature

60   Why does a log of wood burn faster if we split it 
into chips?

61   You buy 250 g of meat in a single piece, and the 
same amount of minced meat. You leave both 
packages out of the fridge. The next day, the 
minced meat is in a worse state than the single 
piece. The chemical reaction of putrefaction has 
been faster in the minced meat. Explain this using 
collision theory.

62   Why do precooked food packages recommend 
storing the food between 0 ºC and 5 ºC?

63   Hydrogen peroxide rapidly decomposes into water 
and oxygen when a small amount of manganese 
dioxide is added. However, the manganese dioxide 
doesn’t change during the reaction and appears 
intact at the end of the reaction. What role does 
manganese dioxide play in this reaction?

64    These two graphs correspond to the same 
chemical reaction, but in one case the 
concentration of the reactants is higher than in 
the other.

 1.  
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 2.  

t (min)2 4 6

10

20

30

40

0

VH2
 (cm3)

 Which of these sentences are correct?
 a.  Graph 1 corresponds to the reaction with the 

diluted reactants.
 b.  Graph 2 corresponds to the diluted reactants.
 c.  Graph 1 corresponds to the concentrated 

reactants.
 d.  Graph 2 corresponds to the concentrated 

reactants.

The chemical industry
65   Classify these as natural or synthetic.
	 	water 	diamond 	LED bulbs
	 	cement 	antibiotics 	pyrite
	 	air 	Lycra 	silicone
	 	ammonia 	cotton 	microchips
	 	linen 	soap 	marble
	 	limestone 	paper  	diesel
	 	coal 	wood 	steel
	 	PVC 	saffron 	glass

66   Name five synthetic substances or materials 
common in your daily life, and five natural 
substances or materials that are common in our 
environment. What applications do they have? 
What are they used for? What products can be 
made with these substances?

Chemistry and the environment
67   How does the emission of sulphur and nitrogen 

oxides pollute the atmosphere? How do these 
gases react with humidity in the air? How can you 
reduce their emissions?

68   Why is excess CO2 in the atmosphere creating a 
problem for the entire planet? Do you think it’s  
a problem that the leaders and inhabitants of a 
city or country can solve or is it a global problem?

69    In the photo below, you can see the effects of 
acid rain on limestone, CaCO3.

 a. When is rain considered acidic?
 b.  What substances are the cause of acid rain?
 c.  What’s the source of these substances?
 d.  What measures can we all take to avoid the 

formation of acid rain?

70   What are the most important environmental 
problems where you live? How do you think they 
could be reduced or solved? What actions can 
you take on your own that will benefit for the 
environment?
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 Study skills 
I   Write a summary of the unit by answering these 

questions. 
   What types of changes can matter undergo? 

In which of those changes do substances 
transform into other substances?

   What does a chemical equation represent? 
What substances appear in each part?

   What’s the name of the theory that describes 
chemical reactions at the microscopic scale?

   What sort of collisions must occur between 
particles in two substances to cause a chemical 
reaction?

   What fundamental laws do all chemical 
reactions follow?

   How must we write a chemical equation to 
ensure it follows those laws? What numbers 
must we change to ensure the equation follows 
those laws? Which ones must we not change?

   What’s the procedure for calculating the 
amounts of the substances that transform in  
a reaction?

   How can we measure the speed of a given 
chemical reaction?

   What main factors can change the rate of  
a reaction?

   What products from the chemical industry are 
especially important to people? 

   What environmental problems are caused 
by certain chemical reactions? What are the 
reactions? What measure are people taking to 
reduce the damage?

II   Draw a concept map of the unit. Include  
these concepts: physical change, chemical 
change, reactant, product, collision theory, 
chemical equation, conservation of mass, 
balancing chemical equations, calculating with 
masses, reaction rate, chemical industry, natural 
material, synthetic material, environmental 
problems.

III   Create your own scientific glossary. Define 
these terms and include others that you think 
are important: reactant, product, effective 
collision, balancing equations, coefficient, 
fertiliser, fossil fuel, greenhouse gas, ozone layer, 
acid rain.

 Passnotes  Digital revision activities  Concept map
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Science practical  Work on your key competences 

28 BLOCK: BASIC SCIENTIFIC SKILLS

 

 Science practical  

Las causas de la herrumbreMeasuring the density of an irregular solid
As you will remember from last year, if we want to measure the density of a solid, we need 
to know its mass and volume. Density can be calculated using the following formula:

density 5 
mass

volume
To find the density of an irregular solid, first we need to find its mass and then its volume.

OBJECTIVES
    Work with materials and instruments in the Physics and Chemistry lab.
    Obey the safety rules while using electrical devices.
  Appreciate the importance of systematic work in experiments.
  Use some scientific units and quantities.

MATERIALS
 a digital scale and a watch glass
 an irregular solid, for example a stone
 a graduated cylinder and water

METHOD
1.  To measure the mass, check that the scale is at zero. Put the clean, dry watch glass on 

it and measure its mass (m1). Write down the value. 
2.  Put the solid that you want to measure on the scale. The value on the scale (m2) is 

the sum of the mass of the solid plus that of the watch glass. Write down this value. 
Calculate the mass of the solid by subtracting the values:

m 5 m2 2 m1

3.  To measure the volume, pour some water into the graduated cylinder and write down 
the volume, V1. To avoid the parallax error, you must read the volume by putting your 
eyes at the same level as the top of the liquid.

4.  Put the solid in the graduated cylinder carefully and write down the new volume, V2. 
Calculate the volume of the solid by subtracting the two volumes you have:

V 5 V2 2 V1

Volume of
the solid

30 cm 3

40 cm 3
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Analyse the results 
1   Calculate the density of the irregular solid by dividing the mass of the solid by its volume. Express the result  

in g/cm3 and kg/m3.

2   To measure the density of a rock, we first found its mass with a scale: 10.25 g. We then poured water into a 
cylinder up to the 20 cm3 mark, put the rock carefully into the cylinder and read the new volume of 22.5 cm3. 
Calculate the density of this rock and express it in g/cm3 and kg/m3.

 Answer: 4.1 g/cm3; 4  100 kg/m3

 Task guide Experiment video   Lab report 291. Scientific research

Working on your key competences         

Women in Science  Identification Card

‘The world needs science and science needs women more 
than ever.’ This is the slogan of the L'Oreal UNESCO For 
Women in Science programme, which has recognised five 
Spanish projects developed by researchers under 40: María 
Retuerto Millán, Jezabel Curbelo, Clara Cuesta, Judith S. 
Birkenfeld and Sonia Ruiz Raga.

Their research deals with many topics: from the 
development of new methods for obtaining and storing 
renewable energies using hydrogen or photovoltaics, the 
early detection of eye diseases, and the study of neutrinos, 
giving us a better understanding of the Universe. They have 
also developed new technologies and applied mathematics 
to geophysics to better understand the planet.

5 Spanish Scientists Win the L'Oréal-UNESCO  
“For Women in Science” Award 

National Geographic España (2021) Adaptation

LEARNING SITUATION

The objective of this task is to investigate women scientists, their research and the scientific discoveries they have 
made in different areas and at different times in history. Apart from those already mentioned throughout this 
unit, you can look up: Ángeles Alvariño, Hertha Ayrton, María Blasco, Françoise Barré-Sinoussi, Linda Buck, Alicia 
Calderón, Motserrat Calleja, Gerty Cori, Rosalind Franklin, Elena García Armada, Caroline Herschel, Hipatia, Grace 
Hopper, Ada Lovelace, Margarita Marqués, Gabriella Morreale, Vanessa Valdiglesias, Ada Yonath, or any others. 
Finally, make an identification card for each of them.

Analysis and research
1   In a small group, choose a woman scientist to 

study. There should be a different scientist for each 
group in the class.

Writing up
2   The class should design a template for the 

identification cards and agree on the format of 
report or presentation. The group reports and 
presentations will bring together and organise the 
information each group will find about their chosen 
scientist. Example information:

	   Date, place of birth, nationality and studies 
carried out.

	   Scientific specialty or specialties in which she has 
worked.

	   Scientific discoveries, findings, investigations, 
theories and other contributions in which she 
has had special relevance.

	   Possible difficulties or setbacks she has had in 
her work.

	  Prizes, awards or recognitions she has won.

3   Make a poster or an infographic with the most 
important information you have found.

Share your findings
4   Display this material in class or somewhere the 

whole school can see it.

5   As a class, discuss the difficulties these scientists 
had when carrying out their research.

6   Take a survey among students in different years at 
your school to find out how many women scientists 
they’re able to name. Publish your survey results 
next to the posters about women scientists.

7    Later, repeat the survey and check whether the 
results have changed.

BLOCK: BASIC SCIENTIFIC SKILLS

In this section you’ll 
discover how to use 
laboratory instruments 
and carry out 
experiments following 
the steps of the 
scientific method.

The Learning situation in Work on 
your key competences enables you 
to put the contents you’ve studied 
into practice in an integrated 
manner, as well as allowing you 
to relate them to the Sustainable 
Development Goals.

Throughout the unit there are  
activities, which are connected to 
the Learning situation.

On your  Desktop there’s an Experiment 
video and a Lab report, which you can use to write up 
your experiment and record your results.

There’s also a Task guide, which includes the 
self-assessment rubrics.  

Development 

3736 BLOCK: MATTER AND HOW IT CHANGES 2. The atom and the periodic table

What did Rutherford’s model propose?
To explain the result of the gold foil experiment, Rutherford proposed  
a nuclear atomic model consisting of two different zones:

  a central zone or nucleus which is positively charged 
and where practically all the mass of the atom is 
concentrated. The protons are in this zone.

  a peripheral1 zone, or electron shell, in which 
negatively charged electrons rotate around the 
nucleus at some distance from it. 

Observe the trajectories followed by the particles in Rutherford’s experiment. 
How does his model explain the gold foil experiment?

1.  The particles that pass far away from the 
nucleus pass through the atom without 
deflecting from their path.

2.  Since the charge is concentrated in a 
central nucleus, the positive particles 
that pass near it deflect from their 
straight paths.

3.  Positive particles that collide head-on2 with the very dense and positive 
nucleus bounce back.

1

3

2

+
+
++
+

+
+

3.3. The discovery of neutrons (1932)
Rutherford’s atomic model couldn’t explain the mass of the atom because 
the sum of the masses of the protons and the electrons was smaller than 
that of the atom.

For example, the hydrogen atom has one electron and one proton, and 
the helium atom has two electrons and two protons, so the mass of helium 
should be twice that of hydrogen; however, it’s four times greater. 

Rutherford and other scientists proposed that another particle must exist in 
the nucleus, with mass but no electrical charge.

In 1932, James Chadwick discovered electrically neutral particles in the 
nucleus of atoms. He called them neutrons and their mass is similar to that 
of protons.

Where are the proton and the electron positioned  
in the atom? The first atomic models
The discoveries of the electron and the proton were seen as incompatible 
with the model of an indivisible atom, because these particles are located 
inside the atom. 

3.1. Thomson’s Atomic Model (1904)
J.J. Thomson proposed the plum pudding atomic 
model: the electrons would be embedded in a 
spongy1 and always positively charged sphere that 
contains almost all the mass.

Thomson’s model was accepted until a new discovery 
questioned its validity2.

3.2. Rutherford’s Atomic Model (1909)
In 1909, Rutherford and his colleagues Geiger and Marsden bombarded a 
piece of very thin gold foil with positively charged particles at high speed. 
They expected the particles to pass through the sheet with little deflection. 

+
+
+
+
+
+
+
+

Particles Atoms

This illustration shows what happened instead.

Source of
α particles

Beam of
α particles

Most travel
through

undeflected.
Particle
detector

They are
deflected.

Theybounce back.

Rutherford concluded from this experiment that: 

1.  the fact that the positive particles pass through the sheet without being 
deflected3 indicates that the atom is mostly empty space. 

2.  the fact that some positive particles are deflected shows that they have 
passed near an area of the atom that is positively charged. 

3.  the fact that a few positive particles bounce back indicates a collision 
with a very dense and positively charged area of the atom. 

3

 +

1.  Most of the particles passed 
through the very thin gold foil 
without changing direction.

2.  Some particles deflected 
considerably.

3.  Surprisingly, some particles 
bounced back.

CLIL activities 
6   Listen and write the 

sentences in your notebook. 
Find the mistakes and correct 
them.

7   Which particles are 
responsible for the mass of the 
atom? Explain to a classmate 
why Rutherford proposed the 
existence of the neutron before 
it was actually discovered.

CLIL activities 
8  In your notebook, calculate 

the electric charge and the mass 
of an α-particle.
9  Draw the expected paths of 
α-particles through the gold foil 
in Thomson’s and Rutherford’s 
atomic models.

The planetary model
The atom is made up of:
  a central nucleus with a positive charge, in which practically all its mass is 

concentrated. That is, the mass of the protons and neutrons.
  an electron shell where electrons with a negative charge revolve at high 

speed around the nucleus. The nucleus and the electron shells are far apart in 
relation to their size.

As you can see, there’s a certain similarity between the structure of the Solar 
System and the structure of the atom: the planets would be the electrons and 
the Sun would be the nucleus at the centre.

The mass of the neutron
The mass of the neutron, mn, is only 
slightly greater than the mass of 
proton, mp:

mn  = 1.675 · 10–27 kg
mp  = 1.673 · 10–27 kg

1 spongy: soft and able to hold liquid 
easily like a sponge.

2 validity: state of being officially 
accepted.

3 deflect: change direction after 
hitting something.

1 peripheral: around the edge of, far 
from the centre.

2 head-on: in which the front part of 
one particle hits the front part of 
another particle.

These boxes introduce 
interesting facts or ask 
questions based on everyday 
life, experiments or images. 
This helps you to deduce 
what content will be covered 
in the section.

Key content is highlighted.

In the margins, there 
are glossary boxes with 
definitions of key vocabulary, 
as well as complementary 
texts that reinforce or 
extend the content.

Activities include listening 
and speaking tasks. 
Activities also cover various 
key competences and all 
activities cover the STEM and 
plurilingual competences.
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About your Physics and Chemistry ESO 3 book

The  Desktop   

The  Desktop is a digital space where you can access your digital book, as well as a wide range of 
resources in different formats (such as video, HTML and PDF). These will help you with the tasks and processes 
that are the basis of your learning: observation, analysis, consolidating and expanding your knowledge, study skills 
and exam revision.

 Unit presentation
�  Oxford Investigation, which works on the contents digitally through tasks, animations and simulators
�  Animations that help you to visualise processes and mechanisms in a dynamic way
�  Passnotes: summarised version of each content section with audio
�  Simulators that allow you to work in a virtual laboratory
 �    Experiment video of the Science practical
�  Digital revision activities to test your knowledge in an interactive format
�PDF  Concept maps, dictionary worksheets and scaffolding worksheets
�  Weblinks to expand your knowledge and find information for research tasks

Symbols used in your book   

Some sections and activities in this book are specifically designed to develop 
the key competences and to focus on aspects of your individual development 
and the challenges of today’s world. The symbols below help you to identify 
these sections and activities.

KEY COMPETENCES
 �Linguistic competence
 Plurilingual competence
 �Competence in science, mathematics, engineering and technology (STEM)
 �Digital competence
 �Personal and social competence and learning to learn
 �Civic competence
 �Entrepreneurial competence
 �Cultural awareness and expression 

FOCUS ON
 �Children’s rights
 Gender equality
 �Physical and emotional wellbeing
 Digital competence
 The world of work
 �The Sustainable Development 
Goals

OTHER SYMBOLS
 �Learning situation
 Speaking activity
 Group activity and cooperative learning
 Listening activity

S T E A M  �STEAM task (interdisciplinary activity)
 Video
 Downloadable material

Remember that Physics and 

Chemistry mainly works on the 

STEM competence. This means 

that all of the activities in this book 

develop that competence, as well 

as the plurilingual competence.

PHYSICS AND CHEMISTRY
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The Sustainable Development Goals (SDGs)
The UN launched the Sustainable Development Goals (SDGs) in 2015 for its 
member states to adopt. The SDGs aim to end poverty, reduce inequality and 
injustice and tackle climate change for everyone in the world.

To achieve the Sustainable Development Goals, we need to remember these 
three things.
� � The deadline: This is 2030.
� � The targets and indicators: the 2030 Agenda divides each goal into targets and provides indicators to measure progress.
� � The agents of change: everyone on the planet has a role to play in meeting the Sustainable Development Goals. This 

includes governments, institutions and the whole of civil society.
These are the 17 goals established by the UN for global development within planetary boundaries.

Access your  Desktop to discover the aims of each of the Sustainable Development Goals.

GLOBAL DEVELOPMENT WITHIN PLANETARY BOUNDARIES

GOVERNMENT PARTNERSHIPS
2050

2030

BASIC HUMAN NEEDS

SOCIAL AND ECONOMIC DEVELOPMENT

ESSENTIAL CONDITIONS FOR THE EARTH

SUSTAINABLE 
RESOURCE USE

UNIVERSAL 
VALUES

PHYSICS AND CHEMISTRY


