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Modelling
Molecules
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Activity: What Is Modelling?

Write in your worklbooks what you think Modelling is in the context
of computer science.
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Modelling is the process of
building a simpler version of
real-world things in order to
understand them better.

Today we will be looking

particularly at modelling how
atoms move and behave in
different states of matter.
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What Is an Atom?

An Atom is the building block
of nature. Just like houses are
(usually) built with bricks, and
old ships were made with
planks of wood.

Atoms are the tiny pieces that
make up every material, every
liquid, almost everything in the
entire universe.
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What Does an Atom Look Like?

An atom can be thought of as
two main parts, the nucleus in
the centre, and the electron
shells around it.

However, this image is not to
scale and doesn’t give a good
idea of the size of an atom.

Nucleus

Electron
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How Big Is an Atom?

145 Picometers
A Hydrogen atom has a radius < >
of around 25 picometers. This is
incredibly small!

In a metre there are
1,000,000,000,000 picometres.

A picometre is much smaller
than our eyes can see, so we
can never see atoms (unless
using a very powerful and
clever microscope.)

A lithium atom is slightly bigger
as it has two electron shells.
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A Better Idea of The Size of
Atoms

A single grain of sand contains
around 50 quintillion atoms. i.e.
50,000,000,000,000,000,000
atoms.

There are between 5-10 times
more stars in the universe than
grains of sand on the Earth, but
there are more atoms in @
single grain of sand than stars
in the entire universe.
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States of Matter

Now that we know that
everything is made up of
atoms, we can explain
different states of matter by
looking at how these atoms
behave.

The 3 (main) States of Matter
are:



States of Matter

Now that we know that
everything is made up of
atoms, we can explain
different states of matter by
looking at how these atoms
behave.

The 3 (main) States of Matter
are:

Solid
Liquid
Gas

Solid

Liquid

Gas
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Phase Transitions

Elements can be found in the 3
states of matter depending on Gas
the temperature (or pressure).

Each element has its own
melting and boiling point.

Compounds such as water will

have different melting and

boiling points fo the elements _
Oxygen and Hydrogen. [ Solid
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Boiling and Melting Points

What is the Melting/Freezing point of water?

What is the Boiling point of watere
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Boiling and Melting Points

What is the Melting/Freezing point of water?

0°C
What is the Boiling point of water?
100 °C
0°C 100 °C
Solid Liguid G as

Melting Point Boiling Point
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Activity: Boiling and Melting Points

In your workbooks, draw and complete the following diagram for
water:

Solid Liguid G as

Melting Point Boiling Point

In which state is water at the following temperatures:
1.70°C
2. 121 °C
3.-20°C
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Activity: Boiling and Melting Points

In your workbooks, draw and complete the following diagram for
mercury:

Solid Liguid G as

Melting Point Boiling Point

In which state is mercury at the following temperatures:
1.70°C
2.121°C
3.-20°C
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Activity: Boiling and Melting Points

In your workbooks, draw and complete the following diagram for
oxygen:

Solid Liguid G as

Melting Point Boiling Point

In which state is oxygen at the following temperatures:
1.-10°C
2.-200 °C
3.-250 °C
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How Do Atoms Move?

Atoms are always moving, but
depending on certain
variables such as temperature,
they can move in different
ways.

In each of the 3 states of
matter, atoms will behave
differently.

Julio Miguel A Enriquez and Monica Munoz [CC BY-SA 4.0

(https://creativecommons.org/licenses/by-sa/4.0)]

Solid

Liquid

Gas
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Activity: How Do Atoms Move?

In your workbooks, write a short description of how atoms move in
each state of matter. Think about their speeds, how much they
move, and how much space is between the atoms.

Solid Liquid Gas

Julio Miguel A Enriquez and Monica Munoz [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]
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Atom Behaviour Comparison

Vibrate back and Move around slower Move around much
forth, but remain in the faster than liquid
" than a gas.
same position. atomes.
Does not flow easily. Flows easily. :
. : Flows easily.
Particles cannot Parficles can :
: ) Particles can move
move/slide past one move/slide past one ast one another
another. another. P '
Little free space Little free space
; : Lots of free space
between particles. between particles. :
) ) between particles.
Not easily Not easily

: : Compressible.
compressible. compressible. P
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What Is a Molecule?

A molecule is 2 or more atoms
bonded together. They could
be the same or different
elements.

It's important that we
understand the difference in
general, however when we're
only concerned with the
movement of these we can
simplify our model to just be
plain, coloured circles.

Atom:

»

Molecules:

o &
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Scratch - States of Matter

We will now create a Scratch program to simulate water at
different temperatures.
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Scratch

» Drag and drop blocks to give instructions
» Easy to create games and other useful programs

> User friendly

Hart /'L E ’

Blocks
Scratch )
Stack

Blocks

.
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Scratch Basics

Sprite -
Neleljigle Background
Blocks Palette Costume Areq List

Area
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Activity: Taking a User Input

First, we need our program to ask the user for a temperature.

We then want to store their answer as a variable named

something like “temperature”

To create a variable: ik uermams:
1. Click the orange variables category.
2. CliCk Mdke O ﬂeW V(]ri(]b|e, © For all sprites () For this sprite only

3. Name your variable and click Ok.
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If Statements

An if statement is a way of making a selection in programs.

By checking if something is frue or not, we can make the program
do different things depending on the outcome.

For example:
If you have blue eyes, then raise your hand.
If it is raining, then wear a coat.

If the temperature is less than 5°C, then turn on the heating.
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Activity: True or False

Write whether the following statements would be true or false
(remember that “>" means “is more than” and “<" means “is less
than”):

Question Statement True or False

1. S5=29
/X3 =24
5>3
5<3
0<0

o M LD
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Activity: True or False

Write whether the following statements would be true or false
(remember that “>" means “is more than” and “<" means “is less
than”):

Question Statement True or False
1. SIS True
2. /X3 =24 False
3. 5>3 True
4, 5<3 False
5. 0<0 False



camps

Activity: Checking the State of the
Water

We want our program to work out if water is Solid, Liquid or Gas at
the temperature entered.

We can do this by using 3 if-then blocks, each one checking if the
water is in each state of matter. We can then broadcast a
message for each state to tell our particles how to behave.

When is water solid?
When is it liquide

And a gase
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Activity: Checking the State of the
Water

We want our program to work out if water is Solid, Liquid or Gas af
the temperature entered.

We can do this by using 3 if-then blocks, each one checking if the
water is in each state of matter. We can then broadcast a
message for each state to tell our particles how to behave.

When is water solid¢ When temperature <1
When is it liquide When temperature > 0 AND temperature < 100

And a gas¢ When temperature > 99
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Activity: Adding a Molecule

Create a new sprite for a particle. We can simplify it to just being

a simple circle with a certain colour. (Holding the shift key when
making the circle will make a perfect circle.)

Fill .v Oul /
¥
, " Make sure you
<0 place the circle in
T the centre of the
o ® window on the
0 crosshair
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Activity: Movement of Molecules in
a Solid

Atoms and Molecules in a solid fend to vibrate back and forth in

random directions, but always remaining in the roughly the same
position.

When making the molecules move you should not use glide!
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Activity: Movement of Molecules in
a Liquid

Atoms and Molecules in a liquid tend to move around relatively
slowly (compared to in a gas) in straight lines colliding with each
other.
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Activity: Movement of Molecules in
a Gas

Atoms and Molecules in a gas tend to move around relatively
quickly (compared to in a liquid) in straight lines colliding with
each other.
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Activity: Duplicating Molecules

Duplicate your molecule by right clicking on the image of the
sprite and selecting duplicate.

Do this as many times as you would like in order to add more
molecules to the program.

Be careful: If you've duplicated sprites and then want to change
the code, you will need to delete the copies and then duplicate
the sprite again once you've changed the code.
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Activity: Adding a Label for the
State

Add another sprite which will display which state the water is
currently in. i.e. if the molecules are displaying the movement of a
solid, liquid or gas.
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Activity: Adjusting the Program for
Mercury

Once you have finished your program, adjust it for the element

mercury. Remember, mercury has different melting and boiling
points to water.

If you'd like to change the colour of the particles, mercury has a
silver colour to it.
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Activity: Improving Our Model

One way to improve our model would be to make the
atoms/molecules clump together when they are solid. Can you
think of a way to do this using the following block?

wiox @ v @

Remember, we don’t want them to spread across the screen
randomly.
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Elements

Gold is an element made only
of atoms of Gold.

Aluminium is also an
element made only
from atoms of
aluminium.
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Compounds

Compounds are made from
two or more different elements,
which react and bond
together  to form new
substances.

For example, an atom of the
element Oxygen and 1wo
atoms of Hydrogen bond
together to form Water.

Table Salt is made of an atom
of Sodium and an atom of
Chlorine.

Water

Sodium Chloride



Mixtures

A chemical mixture contains
elements and/or compounds
that are not chemically
bonded together.

Coca Cola is a mixture of

different compounds and
molecules.

It contains many different
compounds and elements
which are not bonded
together (mostly sugar!)

2 {

camps
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?

IXture

Compound, or Mi

I

Element
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Element, Compound, or Mixture?
Smoothie
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Element, Compound, or Mixture?




camps

Element, Compound, or Mixture?
Table Sugar (Only Glucose)

: I 4
5 o oy
X Sl )
BaE e s o

'. ; ' "r' s

Glucose is made up of Carbon, Hydrogen and Oxygen.
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Element, Compound, or Mixture?
Diamond
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Element, Compound, or Mixture?
Salad
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Element, Compound, or Mixture?
Sand
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Activity: Atoms, Molecules and

Compounds
Match the following terms with their definitions and examples:
Consists of two or more
Compound different elements and/or @
compounds.

A group of atoms bonded

Mixture to each other. They can

be the same or different
types of atoms.

A molecule of atoms of
At two or more different w
om elements bonded
together.

The smallest particle of a @ gég
© %@

Molecule chemical element that
can exist.




Solution:

A molecule of atoms of
two or more different
elements bonded
together.

Compound

Consists of two or more
Mixture different elements and/or
compounds.

The smallest particle of a
Afom chemical element that
can exist.

A group of atoms bonded
to each other. They can
be the same or different

types of atoms.

Molecule

camps

%
o d
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Chemical Reactions

A chemical reaction is a process where two different substances
or elements are mixed together.

Chemical reactions occur when two or more substances are
mixed together to form a new material. This change happens
because reagents and reactants are mixed together.

Combustion Reaction (Burning):

+ o= & +4

Fuel Oxygen in air Carbon Dioxide Water
Reagent Reactant Product Product
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Displacement Reactions

Displacement reactions occur when one or more compounds
take away a substance from another compound.

This can occur as a single displacement, where only one
substance is taken away, or as a double displacement, where
two substances are swapped.

Displacement Reaction:

7 O\

M+ B~ AE -
 “
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Displacement Disco

Al the dancing robot goes to a disco looking to improve his
dancing:
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Displacement Disco

Al is very impressed by Bob's dance and stands next to him frying
to copy it:

?
i
A
Bob



camps

Displacement Disco

Whilst Al is happily learning his new dance, he notices CJ who is
doing a very unusual new dance:

Floss (dance).gif by Wikipedia Author LittleT889 licence: https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Displacement Disco

Al prefers CJ's new dance and so CJ takes Bob's place and Bob is
left dancing alone i.e. Bob was displaced by CJ:

Floss (dance).gif by Wikipedia Author LittleT889 licence: https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Gareth Bale

Gareth Bale was happily playing his football at Spurs:

Bale &
. '»’r N
| A fﬁ%\

Bale -
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Gareth Bale

However Real Madrid wanted to sign him. Real Madrid had a lot
more money and were more successful:
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Gareth Bale

Because Real Madrid was a more attractive club to Bale, he
sighed with them and Toftenham were left alone i.e Tottenham
were displaced by Real Madrid:
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Reactivity Series

The Reactivity Series lists metals
in tferms of how much they
react with other substances.

Metals reacting with water:

https://www.youtube.com/wa
tchev=yOhrglLTubDM

Potassium

Lithium

Calcium

Increasing
reactivity

Zinc

Copper

Gold

https://bam.files.bbci.co.uk/bam/liv
e/content/zb7y4wx/small


https://www.youtube.com/watch%3Fv=y0hrqLTubDM
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Reactivity Series

If we took normal table salf,
Sodium Chloride, and

infroduced Potassium to it:
Lithium

G Calcium
Increasing

Sodium Chloride + Potassium reactivity

$

Zinc

Copper
O Silver
Potassium Chloride + Sodium https://lbam files.bbci.co.uk/bam/liv

e/content/zb7y4wx/small
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Would a Reaction Occur?

If we have, Aluminium
Chloride, and infroduced
Calcium to it;

Lithium

m ° e
Increasing

Aluminium Chloride + Calcium reactivity

$

Zinc

Copper

Silver

https://bam.files.bbci.co.uk/bam/liv
e/content/zb7y4wx/small
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Would a Reaction Occur?

If we have, Aluminium
Chloride, and infroduced

Calcium fo it;
Lithium

° Calcium
Increasing

Aluminium Chloride + Calcium reactivity

$

Zinc

Copper
O Silver
Calcium Chloride + Aluminium https://bam.files.bbci.co.uk/bam/liv

e/content/zb7y4wx/small
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Would a Reaction Occur?

If we have, Aluminium
Sulphate, and infroduced
Copper to it:

Lithium

“ ° e
Increasing

Aluminium Sulphate + Copper reactivity

$

Zinc

Copper

Silver

https://bam.files.bbci.co.uk/bam/liv
e/content/zb7y4wx/small
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Would a Reaction Occur?

If we have, Aluminium
Sulphate, and infroduced

Potassium

Copper to it:
Lithium
“ Calcium
° Increasing
Aluminium Sulphate + Copper reactivity

Iron

4
No Reaction!

Copper

https://bam.files.bbci.co.uk/bam/liv
e/content/zb7y4wx/small
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Activity: Complete the Equations

Finish the following equations in your workbooks either by writing
the products of the reaction, or writing “No Reaction” if one will
not occur.

1. Sodium Chloride + Aluminium ->

2. Aluminium Nitrate + Potassium -

3. Copper Sulphate + Aluminium >

4, Iron Sulphate + Copper >
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Scratch - Displacement Reaction
Simulation

We will now create a Scratch program to simulate a
displacement reaction.
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Activity: Designing Our Compound

Design a costume for our compound, a purple and yellow circle

together. Add another costume, this time with a purple and green
circle.

¥ Code & C ) Sounds
ra [RESRIEErY
-
costume1 ’
82x84
erif
2; '
e [ N
J o
W T
7 O
O
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Activity: Designing Our Metal lon

Design costumes for our Metal ion, one a green circle, and
another costume a yellow one.

Sans Serif
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Activity: Designing Our Start
Button

Design a start button and program it to broadcast a message
when it is clicked.

uuuuuuuuuuuuuu
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Button Code

when this sprite clicked

broadcast Start Simulation +
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Activity: Coding The Compound

When the game is started the compound should:
1. Switch costume to costumel

2. Go to a specific point on the screen

3. Show.

When the Start button is pressed:
1. Go to arandom position

2. Repeatedly move 1 step and then furn a random amount
between -10 and 10 degrees.

3. Ifit touches the Metal ion, switch costume to costume?2
4. If it touches the edge, it bounces back in some way.
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Compound Code

when | receive Start Simulation »

when clicked

switch costume to costumel +

goto random position ¥

repeat o

create clone of myself »

switch costume to costumel1 =

>

touching Metal + ? _then

switch costume to costume2 =

if on edge, bounce




comps
Activity: Coding the Metal

When the game is started the compound should:
1. Switch costume to costumel

2. Go to a specific point on the screen

3. Show

When the Start button is pressed:
1. Go to arandom position

2. Repeatedly move 1 step and then furn a random amount
between -10 and 10 degrees.

3. Ifit fouches the compound, switch costume to costume?
4. If it touches the edge, it bounces back in some way.
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Metal Code

when | receive Start Simulation «
when clicked
switch costume to costumel «

switch costume to costumel =

goto random position ¥

et @

create clone of myself «

forever

turn ™ pick random m to @ degrees

touching Compound + ? _ then

switch costume to costume2 =

if on edge, bounce
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Activity: Adding More Particles

To add more compound and metal particles, we can use cloning.

(15 )

These will need to be placed before the forever loop in our
compounds and Metal sprites. After creating the clones, we will
need to tell them how to behave. We want them to behave in
exactly the same way as our compound and metal particles
already do. PR
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Activity: Edit the Background to
Display What is Reacting

Edit the Background by writing in the name of a Compound and
Metal which takes part in a displacement reaction.
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Activity: Simulating an Experiment

Try to create a scratch program
that simulates the following
experiment. Think about the
molecules and how they
change behaviour as
temperature changes.

|

Are there molecules coming off
the flame?



