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1

States of matter

1.1 Solids, liquids and gases

Care

1

Dr.Neven Mohsen

State the distinguishing properties of solids,
liquids and gases

Describe the structures of solids, liquids
and gases in terms of particle separation,
arrangement and motion

Describe changes of state in terms of melting,
boiling, evaporating, freezing and condensing

Describe the effects of temperature and pressure
on the volume of a gas

1.2 Diffusion

Core

Describe and explain diffusion in terms of kinetic
particle theory

Supplement

5

6

Explain changes of state in terms of kinetic
particle theory, including the interpretation of
heating and cooling curves

Explain, in terms of kinetic particle theory, the
effects of temperature and pressure on the
volume of a gas

Supplement

2 Describe and explain the effect of relative
molecular mass on the rate of diffusion of gases

Chemistry IGCSE Cambridge
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Matter is anything which occupies space and has a mass

other

but less than solid

Property Solid Liquid Gas
Arrangement Very close& Close&irregular Furthur apart&
[distance& regularly arranged (random) random
pattern] forming lattice
Separation Packed close to each Close to each other Very far apart

Type of motion

Vibrate at their position

Slide over each

Move quickly& in all

other directions
Force of Very strong Less strong Weak (Not exist)
attraction
o &
Volume &shape Fixed volume& shape Fixed No fixed volume &
volume&takes the takes the shape of 4
shape of the the container © CP ¢
/ \Q / \ container
A solid cannot A liquid can flow; it is a A gas is a fluid
flow. It has a fluid. It has a definite and spreads
definite shape volume but takes the throughout its
and volume. shape of its container. container. It
has no definite
volume.
Changes of state
increasing temperature
™Y ,)‘ ] @ q
- o N o solid liquid gas
s & %
& 3 < %
e/ /8 % N
& @ o, %,
Q \\s s(/r. /o¢
& %
.ﬁ Freezing ko osll I T T T Y N Y MY N
- o < :JJJ)),J ¥ i melting point boiling point
%‘\" %; Melting J“JJ ‘33::: (m.p.) (b.p.)
00 o

decreasing temperature

Remember that deposition, freezing& condensation are exothermic processes

Remember that sublimation, melting& boiling are endothermic processes

Examples of sublimation

Ammonium chloride/Dry ice(solid carbon dioxide)/lodine

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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1 Ice changes to water whenit 2 When the water is heated, 3 Now the water is boilin‘g.

is warmed. This change is called  its temperature rises. As it It evap.orates fast. The gas it
melting. The thermometer warms up, some of it changes forms is called steam. T}:e
shows 0°C until all the ice has from liquid to gas, which goes thermometer show.s 100°C 4
melted. So 0°C is called its into the air. This is called wbile th.e .water 1.30115 off. 100
melting point. evaporation. is its boiling point.

In Melting
solid
N, ;
"
heat \ y more
\ O heat

By heating the particles their K.e. increases so the temperature rises and the particles vibrate
more. When the temperature reaches the melting point, the energy gained by the particles will
be enough to break (or weaken) the attractive forces holding the solid particles and finally the
solid changes into liquid

In Boiling

heat heat energy at

energy boiling point

the particles get enough
slow-mowving partiches the particles energy to escape
in liquid move faster

By heating the particles, they gain more energy, so the kinetic energy increases and they move
faster.The reading of the thermometer will increase. At the boiling point the energy supplied is
no longer increasing the kinetic energy of the particles but it breaks the forces of attraction
between the particles in the liquid state and the particles enter the gas state by moving
randomly quickly in all directions.

Melting and freezing take place at the same temperature

Boiling and condensation take place at the same temperature

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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1.Remember that evaporation takes place below the boiling point at any temperature over a
range of tempratures, while boiling takes place at definite temperature.

2.In eveporation some particles in the surface of the liquid have enough energy to escape from
the surface to become a gas, they are faster than other particles in the liquid ,so evaporation
takes place only at the liquid surface, which is different than boiling where the gas bubbles
come from the inside of the liquid throughout it.

3.Boiling is faster than evaporation.

4.1n boiling bubbles are seen while in evaporation no bubbles.

~ Boiling ~ Evaporatior

Occurs at _ fixed Occursat __ any

temperature temperature

Quick Process ' Slow Process

Takes place Takes place only at the
throughout the liquid |liquid ___ surfaces

Bubbles are ‘ No bubbles are
formed in the liquid |formed in the liquid

volatile: term that describes a liquid that
eN“a; :R ) evaporates easily; it is a liquid with a low boiling
R‘;—V point because there are only weak intermolecular
forces between the molecules in the liquid

e
How much heat is needed? £) (R v

The amount of heat needed to melt or boil a substance is different

for every substance. That's because the particles in each substance e '(v

are different, with different forces of attraction between them.

The stronger the forces, the more heat energy is needed to overcome -

them. So the higher the melting and boiling points will be. ﬁ R {

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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Heating curve:

As you heat
the temp. rises

Heating curve for water

E
150 water Liquid& gas /
125 ’ getting P
‘ater lbﬂ"”'lf? r;ottr.‘rg Boiling point conidensation /  Oas
o100
B : Boiling
z = o c
5 75 £ Solid& liquid 44 S
E § B ’
;5 50 watdr warming up ;:‘T — - Liquid
@ - (some evaporation aCcurs) | Melting point freezing /
/ melting
7/ %
0 94
ice warming up A
_35 / Solid
0 1 2 3 4 5 B 7 8 9
Time {minutes)

Remember that during A, C the heat increases the K.E. of the particles and the temperature rises
so the particles vibrate faster if they are in solid state (A) or move faster if they are in a liquid
state (C).

Remember that at the melting (B) and the boiling (D) points the thermometer does not show
any rise in the temperature because the energy gained by heating will not increase the kinetic
energy of the molecules as it becomes enough to overcome the attraction forces between the
molecules and they change from state to another, these changes are endothermic.

The temperature will not rise anymore during melting till all the solid particles melt (solid to
liquid) and during boiling till all the liquid particles boil (liquid to gas).

A cooling curve is the opposite of a heating curve.
It shows how the temperature of a substance
changes with time, as it is cooled from a gas to a
solid. Here is the cooling curve for one substance:
&

&
= T -15 is the melting/freezing point
g
= : . - . .
3 liquid 78 is the boiling/condensation point
freezin
0. i
e L L
solid
Time

During (A), the particles move more slowly, the kinetic energy of the particles decreases so the
temperature decreases. During condensation, no decrease in the temperature, the particles

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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become closer to each other and stronger attractive forces hold the molecules together until
the gas is completely condensed to liquid, during this energy is given out (exothermic reaction).

During (B), the particles of the liquid slow down, the kinetic energy of the particles again
decreases, so the temperature decreases. During the freezing, no decrease in the temperature,
the particles become much closer and stronger attractive forces hold the molecules togther until
the liquid is completely freezed into solid, during this energy is given out (exothermic reaction).

Wh

en you heat a gas

1.Effect of
temperature
on pressure

1.0.00
"'O » J,‘\On 7
“ ey
. O .riO"., INQL,

/4
h.
W

& \@ Ifé}) r,o K{Q\l
A =
‘llo_’ QJ! l(J‘C)/' ”;—O\\

The particles in this gas are moving

fast.
cont

They hit the walls of the
ainer and exert pressure on

2.Effect of
temperature
on volume
for all %ases'l
The sam® ™ * ., gas, itS vol
When 3;‘:)‘1 1 a gas sis VO
When
|
3.Effect of s & o
volume on o 0
pressure gas particles "E@\O o ° 9]
o © 0O

There is a lot of space between the
particles in a gas. You can compress
the gas, or force its particles closer,

by pushing in the plunger ...

Dr.Neven Mohsen

Gas Pressure is <
the force of the
gas particles
colliding with
the walls of its
container

O 1@ ‘N
S o O
‘ )

N 5
r[O"’ l’OJ:”!C[)% \On
P "

lﬁll\‘ /"O/'r |:O 1 er
Iy A
|:| I:I Inc. temp. == -lpL o A
VIO= 7 W &
= L ]
-0.0,0
. .. the particles take in heat energy
and move even faster. They hit the
walls more often, and with more
force. So the gas pressure increases.
ure
pstant Press
& creaSeS' Walurme (W1} Welurma (W25
decreases: /
i
G i ., tj .
* Potesn e ®
\\. LB -_"g \- ™ L]
H E - ; Temperabure (T2}

Tampesabire (T1} IiI

plunger pushed in

i

] [o] o @] o] gas compressed
o o o o O| into asmaller
\© "0 "0 volume

... like this. Now the particles are
in a smaller space — so they hit the

I0oecelume. >

walls more often. So the gas

pressure increases.

Chemistry IGCSE Cambridge 01224519823
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Remember that gases can expand and compress the easiest due to the wide spaces between
the particles and the fast random motion of the gas particles in all directions.

4.Effect o in v or a gas.
An increase in pressure means a decrease in volume, I g

- .Cte f crease in volume, for a gas.

pressure on

volume

A decrease in pressure means an In

Changing the external pressure on a sample of a gas
produces a change in volume that can easily be seen.

Pressure

*  Anincrease in external pressure produces a
contraction in volume. The gas is compressed.

Volume
® A decrease in external pressure produces an
increase in volume. The gas expands.

DIFFUSION OF GASES =
Diffusion N
@ ) @
e o° % o “‘0
@ @ g 29 @ 5 9

It is the process of mixing of particles due to collision of particles with each other from a region
of high concentration to a region of low concentration

The particles are:

® The smallest particles, that we cannot break down further in 6
chemical reactions, are called atoms. AMoms

® In some substances, the particles are just single atoms. For example,
air contains single atoms of argon. /q

® In many substances, the particles consist of two or more atoms
joined together. These particles are called molecules. Water and
bromine exist as molecules. Air is mostly nitrogen and oxygen
molecules.

. 2 =
® In other substances the particles are atoms or groups of atoms that f 6_
carry a charge. These particles are called ions.

Molecule

lons

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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Evidence in the lab

B — s
N oy
g |
— el Remember that diffusion of solid in liquid takes
0'80“ Q00T particle )
O - particles from place in 2 steps consequently
h I mix : .
o.% 3 ;nf.fn'és:ie 1. Dissolving
S 3| water particles 2. Diffusion(mixing)
— 4 the crystal
2/

1 Place a crystal of potassium manganate(VII) in a
beaker of water. The colour spreads through the water.
Why? First, particles leave the crystal — it dissolves.
Then they mix among the water particles.

""“‘ air
] ‘ particle The colour spreads because the particles of bromine
bromine particles vapours are mixed with the air molecules (mainly

and air particles

riow fully inbaad the nitrogen molecules) due to the collision

between them in all directions from a region of high
concentration to a region of low concentration.

bromine
particle

;% "'..\..v

2 Place an open gas jar of air upside down on an open
gas jar containing a few drops of red-brown bromine.
The colour spreads upwards because particles of
bromine vapour mix among the particles of air.

from
How to write the answer for any given example? here Lc:ere
The answer: The particles (............) of substance A
mixed with particles (........... ) of substance B due to

collision between the particles. They move randomly
from a region of high concentration into low

The rate of diffusion depends on 2 factors:

1.The mass: as the relative molecular mass decreases, the speed increases so the particles
diffuse faster (the rate of diffusion increases)

2.The temperature: as the particles are heated their kinetic energy increases and they move
faster so they diffuse fast (the rate of diffusion increases)

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823



Remember that diffusion is fastest in gases due to

ace b 1.the rapid movement of the gas particles o s o
ar Sp Pd or g s. Th 2.their small relative molecular mass N\ S '

ntermolec inald iquid, PUt f
" molecules ™ © Lyl in a ligu 3.the wide spaces between the particles [
ato it P 1S sm ol \

ntermote inagas 0 N O

re\a{\\[e )

APPLICATIONS

Petri dish
containing water

1 erystal of

silver nitrate
1 crystal of
potassium
iodide

The product is formed near the heavier

Remember that dissolving takes place before diffusion.

The creamy ppt of silver iodide is formed near potassium iodide because the particles of silver

molecule

lntermolecu e
SPace

Intermolecu/ar

f
orce of attract,-On

nitrate have lower relative molecular mass so they have higher speed and diffuse faster and the

product is not formed in the the middle

Precaution: You should wear gloves because silver nitrate is corrosive and can stain the skin

NH3' HCI:
: The product is formed near the heavier =
14+3=17 P 35.5+1=36.5
B
] ,:f\_‘
;) £ o4
cotton wool soaked glass white smoke cotton wool soaked
in ammonia solution tube forms here in hydrochloric acid

Remember that evaporation takes place before diffusion if the reaction will take place between

vapours.

Where the particles of ammonia have lower relative molecular mass so they have higher speed

and diffuse faster. The product is not formed in the middle

Precaution: This experiment is performed in a fume cupboard, where hydrogen chloride gas
reacts with ammonia gas to form a cloud of white solid ammnoium chloride

The same concept is applied if methylamine is used instead of ammonia, its Mr= 31

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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cotton wool soaked
in ammonia

0

|

cotton wool soaked
in hydrochloric acid

universal indicator
paper

10

N

porous pot

N

Y

universal indicator
paper

—— hydrogen

Y

me change in the colour of the indicator paper depends on
the nature of the gas particles

NHs turns damp indicator paper into blue, HCl turns damp
indicator paper into red

The rate of the change in the colour depends on the rate of
the diffusion

The relative molecular mass of NHs is smaller than HCl so it
diffuses faster and it takes less time to change the colour of

Qe indicator paper

~

/

When hydrogen is placed outside the porous pot,
hydrogen gas has low relative molecular mass so it can
diffuse through the porous pot pressing on the liquid

changing its level.

Applications of diffusion outside the lab

Cooking smells spread. The smells are due to food particles which spread because they are
collided (bombarded) by air particles.

Dr.Neven Mohsen
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Remember
. m.p. . b.p.
SO|Id 71 |IQUId 58.8 gas
IR W bttt &+ & e SRR E——— }
At 25°C the state of X iS weeeeerceeersenne

Because 25°C is above its melting point and below its boiling point

-Its state is liquid

m.p. b.p.
Solid -20 liquid %0 gas
et} * PR M S L N v O ———— |ttt |
At -25°C the state of Y is weeceererceenen.

Because -25°C is below its melting point and below its boiling point

-Its state is solid

STUDY
At a given temperature below the melting point the substance is solid
Between the melting and boiling points the substance is liquid

Above the boiling point the substance is gas

gas

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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Tips

Solids have definite shape because the particles are just vibrating in their fixed position

2. You can not store gases in open containers because they are moving quickly
everywhere outside the container

3. You can not squeeze a sealed plastic syringe that is completely full of water because
they are no spaces between the particles to become closer to each other

4. When two solids are placed on top of each other, they do not mix because the
particles of the soild are fixed in their position

5. Poisonous gases from a factory chimney can affect a large area because the gas
particles diffuse quickly everywhere through the air by colliding with the air particles

6. In the darkened cinema the dust particles appear to dance in the beam of light
because the dust particles are collided with the air particles

Dr.Neven Mohsen Chemistry IGCSE Cambridge 01224519823
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