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 Comment on the different states of
matter that you can observe In this
photograph.

1 Identify essential similarities and
differences In their properties.
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By the end of this topic

1 Describe the solid, liquid and gaseous states of matter and explain their
interconversion in terms of the kinetic particle theory and of the energy
changes involved.

1 Describe and explain evidence for the movement of particles in liquids and
gases.

1 Explain everyday effects of diffusion in terms of particles, e.g. the spread
of perfumes and cooking aromas; tea and coffee grains in water.

{ State qualitatively the effect of (relative) molecular mass on the rate of
diffusion and explain the dependence of rate of diffusion on temperature.

y
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Matter is defined as any substance that
has and

The kinetic particle theory states that
all matter is composed of
that are in a State

of
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Matter is defined as any substance that
has mass and volume .

The kinetic particle theory states that
all matter iIs composed of _tiny
particles that are in a _constant state
of random_ motion .
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The motion of the particles in a substance increases
as the of the substance increases.

As the motion of the particles in a substance
Increases, the energy of the
particles also increases.

Therefore, as the of a substance
Increases, the energy of the
particles in the substance also increases.
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The motion of the particles in a substance increases
as the temperature of the substance increases.

As the motion of the particles in a substance
Increases, the average Kkinetic energy of the
particles also increases.

Therefore, as the temperature of a substance
Increases, the average Kkinetic energy of the
particles in the substance also increases.
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9 Particles in a solid at 9 Particles in a solid at
low temperature. high temperature.

1 The particles in a substance at a low temperature have a
relatively small average kinetic energy. The particles in a
substance at a high temperature have a relatively large
ey average kinetic energy. Temperature is an indicator

‘y of the particles average kinetic energy.
s
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1 If a substance were
cooled to the extremely
low temperature of
1 2 7 B (also known as
zero Kelvin or absolute
zero) its particles would
stop moving.
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States of Matter

The three di fferent
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States of Matter
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States of Matter
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States of Matter
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PHET Simulation T States of Matter



https://phet.colorado.edu/sims/html/states-of-matter-basics/latest/states-of-matter-basics_en.html
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M The particles in a solid are
States of Matter |, o, yp closely pac

n an ordered [/ I

éin which they
rotate about fixed positions (low
average kinetic energy).

91 Forces of attraction between
the particles are strong.

1 The solid has a fixed volume
and fixed shape. It cannot be
compressed and does not
expand very much when heated.
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1 Solids expand
slightly on heating.
This phenomenon is
known as thermal
expansion.

1 Thermal expansion
of a solid can be
demonstrated by a
simple experiment
using a metal sphere
and a metal ring.
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1At room
temperature, the
metal sphere is
exactly the right size
to fit through the
metal ring.

1 After heating the
metal sphere to a high
temperature in a
Bunsen burner flame,
the sphere expands to
a point where it is too
large to fit through the
metal ring.
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9 Particles in a solid at 9 Particles in a solid at
low temperature. high temperature.

1 When a solid is heated, the average kinetic energy of the
particles increases, i.e. the particles vibrate more vigorously
about their fixed positions. This increased vibration causes the
average separation of the particles to increase slightly,
causing the solid to expand.
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9 Particles in a solid at 9 Particles in a solid at
low temperature. high temperature.

When a solid undergoes thermal expansion, the mass of the
solid remains the same, but the density of the solid decreases.
density = mass - volume
mass remains the same while volume increases
therefore density decreases
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9 Particles in a solid at 9 Particles in a solid at
low temperature. high temperature.

1 Note: The particles do not expand when they are heated,
and the particles do not contract when they are cooled. The
particles always remain the same size, regardless of
“»\ temperature 1 they just move further apart (when heated)
or closer together (when cooled).
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1 This gap between two pieces of a steel
railway track Is intentional.

f The gap allows the railway track to
expand on hot days (thermal expansion)
without causing the track to buckle.
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1 This photograph shows part of an
overhead bridge used by cars and lorries.

1 The gap allows the bridge to expand and
contract without causing damage to the
structure or compromising the safety of

the traffic.




Kinetic Particle Theory 1 Models

1 The particles in a liquid are
cl osely packed

States of Matter

ein a random arr

éin which they
distances by slipping and
sliding over each other.

1 Forces of attraction between
the particles are guite strong.

{ The liquid has a fixed volume
but no fixed shape. It cannot be
compressed and does not
expand very much when heated.




Kinetic Particle Theory I Models

1 Solids and liguids cannot be compressed.

1 Aliquid in an air-tight syringe cannot be compressed
Into a smaller volume when a force is applied on the
plunger.

1 The particles in the liquid are naturally closely packed
together. There are no significant spaces between the
particles, so when a force is applied on the plunger, the
average separation of the particles cannot be reduced
=>> any further and the liquid occupies the same volume.
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1 The particles in a gas are

States of Matter separated far apart from one
anot her é

éin a very rand ¢
O arrangement é

O &in which they |
O rapidly in all directions (high
O average kinetic energy).
O {| Forces of attraction between
the particles are negligible.
Gas

{ The gas has no fixed volume

and no fixed shape. It can be

easily compressed and rapidly
expands when heated.
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1 Unlike solids and liquids, gases can be compressed.

A gas in an air-tight syringe can be compressed into a
smaller volume when a force is applied on the plunger.

Y foce

1 There is naturally a large separation between particles
In the gas phase. When a force is applied on the plunger,
the average separation between the gas particles is
reduced as the particles are forced closer together. The
same number of gas particles occupy a smaller volume

<7 >>- because their average separation has been reduced.
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1 Unlike solids and liquids, gases can be compressed.

A gas in an air-tight syringe can be compressed into a
smaller volume when a force is applied on the plunger.

Y foce

1 There is naturally a large separation between particles
In the gas phase. When a force is applied on the plunger,
the average separation between the gas particles is
reduced as the particles are forced closer together. The
same number of gas particles occupy a smaller volume

<7 >>- because their average separation has been reduced.
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2.3 Liquids

Sand must be a liquid
because it can take the

shape of a container

—7"r Modelling clay must be a
liquid because it can
_ change its shape

Whipped cream must be a
liquid because it can
change its
shape and volume

Milk must be a liquid
because it can change its
shape but not its volume

®

\Y) 1 Do you agree or disagree? Why?
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91 Oobleck is a non-Newtonian fluid made from a
mixture of cornstarch and water. It exhibits the
properties of both a liquid and a solid, depending

on the force applied to It.
applied quickly, it behaves Ii
the pressure is released s
liguid. The name ooblec

When pressure Is
Ke a solid, and when
owly, it flows like a

K comes from the

Dr. Seuss book Bartholomew and the Oobleck.
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1 For example, in which state of
maitter is the force of attraction
between the particles strongest?

1 For example, in which state of
matter do the particles have the
greatest average kinetic energy?
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1 What do solids,
liquids and gases
all have In
common?
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1 Solids, ligquids and
gases are all
composed of

particles that are In

a constant state of
motion.
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1 In what
ways are
solids similar
to liquids,
but different
from gases?

1 In what ways are
solids similar to liquids similar to
gases, but different gases, but different
from liquids? from solids?

1 In what ways are
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{ Solid and
Liquid: Fixed
volume.
Cannot be
compressed.

9 Solid and Gas:
Are there any
similarities?

{ Liquid and Gas:
No fixed shape.
Particles do not

have a fixed
position.
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1 In what 1 In what
ways are ways are
solids liquids
different to different to
liquids and ' solids and
gases? gases?

1 In what ways
are gases
different to solids
and liquids?
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| 1 Liquid:

| 1 Solid: Particles
Fixed shape. slide over
Particles are each other,
In a regular travelling
arrangement short

vibrating distances.
about fixed

positions. f Gas: Large

separation between
particles. Particles
move Iin a chaotic
manner.
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1 More exotic states of
matter include plasmas
and Bose-Einstein
Condensates.
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1 A plasma is an ionised gas.

{ Plasmas are more common than you might
Imagine, for example, lightning is a plasma.

1 Lightning is formed when a large potential
difference between the clouds and ground splits
electrons away from nitrogen (N,) and oxygen (O.)
molecules in the air T a process called ionisation.

1 When the electrons return to the ionised molecules
In the air T a process called recombination T energy
IS released in a flash of heat and light.




Kinetic Particle Theory I Models
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Change of State
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Change of State

Note: Boil and

evaporate are
not the same G a S

thing. & 4
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Change of State
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Change of State

GGas

Note: Changes of state are classified as physical changes (not
chemical changes) because they can be easily reversed.
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STATE OF MATTER
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M1 The
sublimation
and
deposition
of lodine.
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