
States of matter or kinetic particle theory/model of matter

The particulate nature of matter 
1. State the distinguishing properties of solids, liquids and gases 
2. Describe the structure of solids, liquids and gases in terms of particle separation, arrangement and types of motion 
3. Explain changes of state in terms of the kinetic particle theory and the energy changes involved 
4. Describe and explain diffusion in terms of the movement of particles (atoms, molecules or ions) 
5. Describe and explain dependence of rate of diffusion on molecular mass 
Experimental techniques 
Name and suggest appropriate apparatus for the measurement of time, temperature, mass and volume, including burettes, pipettes and measuring cylinders 

What are the states of matter?

Arrangement of particles

What is matter? 

What is kinetic particle model or theory of matter?

Why are gases compressible? Gas particles have spaces in between which is why they can be compressed.










If particles gain or lose energy, they change their state.
If they gain energy, then they turn into liquids or gases. 
If they lose energy, they either convert into liquids or solids. 

Their motion
Forces of attraction
Particles arrangement 

Solid to liquid melting – particles gain energy, start moving faster, they start moving randomly, lose forces of attraction, randomly arrange themselves, they change their state to a liquid.

1. What is the process of evaporation?  Liquid to gases. E.g hanging wet clothes and they dry after some time. 
Liquid particles gain kinetic energy, increase movements, move further apart, forces of attraction decrease that particles leave the surface of the object. They turn into gas. 

2. What is the process of condensation? Gas to liquid 
e.g car windows, after a hot shower the mirror turns blurry that is due to condensation. 
Gas particles lose kinetic energy, they cool down, forces of attraction increase, move closer together, turn into liquid. 

3. What is process of freezing? Liquid to solid 
Liquid particles lose kinetic energy, cool down, move closer together, and turn into a solid.   

4. What is the process of sublimation? Gas to solid 
5. 

6. What is the process of boiling? Liquid to gas 

What is the difference between evaporation and boiling?
In evaporation any given temperature 
Particles leave the surface.

In boiling particles change state at a certain temperature the boiling point for eg 100 C for water
All particles gain energy and leave the container.
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Solid particles are vibration about their position
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“Liquids and gases ar called fluids.
Table 21 Difeences i the poperes o he tree s ot

Chemistry is the study of how matter behaves, and of
how one kind of substance can be changed into another.
‘Whichever chemical substance we study, we find it
can exist in three different forms (or physical states)
depending on the conditions. These three different
states of matter are known as solid, liquid and gas.
Changing temperature and/or pressure can change the

state in which a substance exists.

‘The different physical states have certain general
characteristics that are true whatever chemical substance
is being considered. These are summarised in Table 2.1

Matter is defined as anything that has mass and
takes up space. There are three physical states:
* solid

* liquid

o gas

‘The three physical states show differences in the way they
respond to changes in temperature and pressure. All
three show an increase in volume (an expansion) when
the temperature is increased, and a decrease in volume (a
contraction) when the temperature s lowered. The efiect
is much bigger for a gas than for either a solid or a liquid.
‘The volume of a gas at a fixed temperature can easily
be reduced by increasing the pressure on the gas. Gases
are easy to squash - they are easily compressible. Liquids,
on the other hand, are only slightly compressible, and the
volume of a solid is unaffected by changing the pressure.

Changes in physical state
Large changes in temperature and pressure can cause
changes that are more dramatic than expansion or

contraction. They can cause a substance to change it
physical state. The changes between the three states of
matter are shown in Figure 2.2 At atmospheric pressure,
these changes can be brought about by raising or
lowering the temperature of the substance.

Melting and freezing
‘The temperature at which a pure substance turns to s
liquid is called the melting point (m.p.). This always
happens at one particular temperature for each pure
substance (Figure 2.3). The process is reversed at
precisely the same temperature ifa liquid is cooled
down. It then called the freezing point (£p.). The
‘melting point and freezing point of any given substance
are both the same temperature. For example, the melting
and freezing of pure water take place at 0°C.

Galium is a metal that has  melting point just
above room temperature. Because of this it will melt in a
personis hand (Figure 2.4).

Sublimation

Afew solids, such as carbon dioxide (dry ice), do not
melt when they are heated. Instead they turn directly
into gas. This change of state i called sublimation: the
solid sublimes. Like melting, this also happens at one
particular temperature for each pure solid. lodine is
another solid that sublimes. It produces a purple yapour,
but then condenses again on a cold surface (Figure 25,
overleaf).

Evaporation, boiing and condensation
1faliquid is left with its surface exposed to the air,

it evaporates. Splashes of water evaporate at room
temperature. Afte rain, puddles dry up! When liquids
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change into gases in this way, the process is called
evaporation. Evaporation takes place from the surface
of the liquid. The larger the surface area, the faster the
liquid evaporates.

“The warmer the liquid i, the faster it evaporates.
Eventually, at a certain temperature, it becomes hot
enough for gas to form within the liquid and not just at
the surface. Bubbles of g8 sppear nside th liquid, This
process is known as boiling. It takes place at a specj
temperature known astheboiling point (b, h‘ "’:h
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Figure 2.5 lodine subimes. On warming i procuces a purpe vapour which
then condensesagain onth cool parof he e

+ A volatle liquid is one which evaporates easily
and has a reltively low boiling point.
* Ethanol (b.p. 78°C) is a more volatile liquid than

L ‘water (bp. 100°C).

The reverse of evaporation is condensation. This

i usually brought about by cooling, However, we
saw earlier that the gas state is the one most affected
by changes in pressure. It s possible,at normal
temperatures, to condense a gas into a liquid by

kmwmmmm
point is usually stated at the pressure of
at sea level (atmospheric pressure

 pressure). If the surrounding pressure
mmw e bolliog peint of water

120°C and food cooks more quickly a this high,.
temperature.

Pure substances

A pure substance consists of only one substance
‘There is nothing else in i: it has no contaminari
impurites. A pure substance melts and bois g,
temperatures. Table 2.2 shows the melting pojny,
and boiling points of some common substances
atmospheric pressure.

‘e values fo the meltng point and biing
a pure substance are precise and predictable. Thi,
that we can use them to test the purity of a sample 7,
can also be used to check the identity of an unkngy,
substance. The melting point can be measured uin,
electrically heated melting-point apparatus (Figue 3¢
A capillary tube is filled with a small amount of the
and is placed in the heating block. The meltingis iee
through a magnifying lens.

A substance’s melting and boiling points i rdses
to room temperature (taken as 20°C) determine
whether it is usually seen as a solid, a liquid orags.
For example, if the m.p. is below 20°C and the by
is above 20°C, the substance will be a liquid stz
temperature.

Substance  Physical
state at room
temperature

(20°C)

Melting EM!
point/*c  port§

chloride)

<opper. solid

carbon dioxide | gas B
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Achemical language
Dalton suggested that each element should have its
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use symbols, and how they can be combined to show the
formulae of complex chemical compounds. A full it of
the elements and their symbols s found in the Periodic
‘Table (see the Appendix).

“The kinetic theory of matter

The idea that all substances consist of very small
particles begins to explain the structure of the three
different states of matter. The kineti theory of matter
describes these states, and the changes between them, in
terms of the movement of particles.

“The main points of the kinetic theory are:

o all matter is made up of very small partices
(diflerent substances contain different types of
partices - such as atoms or molectles)

« the particls are moving al thetime (the higher
{he temperature, the higher the average energy f
the particles)

+ the freedom of movement and the arrangemert
of the particles s different forthe three tacs of
mater (Figure 2:26, overleaf):

Figure 2.6 s a summary of the organiSton ofthe
particles in the three stats of matie and helps to
explin their diffrent overall physica Propee>

Chapter2 The nature of matter [
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The highly structured, ordered microscopic
arrangements (lattices) in solids can produce the regular
crystal structures seen in this state. The ability of the
particles to move in the liquid and gas phases produces
their fluid properties. The particlesare very widely
ed in a gas, but are close together in a liquid or
d. The space between the particles can be called the
ecular space (IMS). In a gas, the intermolecular
ce is large and can be reduced by increasing the
pressure - gases are compressibl. In liquids,
ce is very much smaller ~ liquids are not
ible.
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substance is heated or cooled. Figure 2.27 summaries
the energy changes taking place at the differentstagescf
aheating-curve or cooling-curve experiment.
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Ifs important to realise that even i aliquid te

particles are stll close together, although they

‘move around and past each other.
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‘We are aware of energy changes in our everyd?)
life. Sweating helps to cool the body. Sweatis*
liquid and energy is needed before it can €% i
‘The energy comes from the heat of the ‘body:

and so the body cools down. Another example i
refrigeration. The invention of efficient ice-makivé
and refrigeration was a major breakthrovgh 2 2
transportation and storage of food. Rebist"‘”:(
use the energy changes involved in changing **
to provide a cold environment (see Figores

and 2.28). J
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» Water can exist in three forms:
solid, liquid, and gas. (The gas is
called water vapour, and it is present
in the air) Like all materials, water is
made up of tiny particles. Which form
it takes depends on how firmly its
particles stick together.

Solid Particles vibrate about fixed
positions.

Liquid Particles vibrate, but can
change positions.

Gas Particles move about freely.

Solids, liquids, and gases

Every material is a solid, a liquid, or a gas. : : clop
(description) called the Kkinetic theory to explain how solids, ¥1qu1ds, angd
gases behave. According to this theory, matter is made up of tiny particles
which are constantly in motion. The particles attract each other strongly Vhe
close, but the attractions weaken if they move further apart.

Solid A solid, such as iron, has a fixed shape and volume. Its particles are
held closely together by strong forces of attraction called bonds. They vibry
backwards and forwards but cannot change positions.

Liquid A liquid, such as water, has a fixed volume but can flow to fill any
shape. The particles are close together and attract each other. But they vibras
so vigorously that the attractions cannot hold them in fixed positions, and
they can move past each other.

Scientists have developed 3 Mmogy

Gas A gas, such as hydrogen, has no fixed shape or volume and quickly fills
any space available. Its particles are well spaced out, and virtually free of any

attractions. They move about at high speed, colliding with each other and i
walls of their container.

KWhat are the particles? j
Everything is rnade from about 100 simple substances called elements. An atom is the
srpall_est possible amount of an element. In some materials, the ‘moving particles' of the
kinetic theory are atoms. However, in most materials, they are groups of atoms called

r;mlefulgs, Below, each atom is shown as a coloured sphere. This is a simplified model
(description) of an atom. Atoms have no colour or precise shape
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Water molecules
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