
Topic: States of Matter & Separation Techniques 
 



Particles in 
the solid 
state are 
closely 
packed and 
can vibrate 
but cannot 
move around, 
they have low 
energies. 

Particles in the liquid 
state are still closely 
packed, but can both 
vibrate and move 
around within the liquid 
because they have 
more energy – enough 
to overcome the forces 
that hold the particles 
together in the solid. 

Particles in the 
gaseous state 
are widely 
spread out and 
can both vibrate 
and move around 
freely. They 
have the most 
energy of the 
three states.  

The States of Matter 



What are these “particles”? 
 
In some substances, they could be individual atoms 
e.g. in noble gases such as helium or argon. 

More usually they are groups of atoms bonded 
together, each group of atoms being the same. 
We call these molecules.   
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When we melt, boil or sublime a substance, heat energy has 
to be supplied to overcome the forces which hold the 
particles together. 

When we heat substances: 
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melting 
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point condensing 

freezing 

When we cool a gas the energy of the particles decreases. 
When there is not enough energy to keep the particles 
apart they pack closer together, becoming liquid, then solid. 

When we cool substances: 
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1.  When ice is heated it melts and turns into water at ____ °C 
2.  When steam is cooled it condenses to water below ____ °C 
3.  When water is heated it boils and turns to steam at ___ °C 
4.  When water is cooled it freezes, becoming ice at _____°C 
5.  When ice melts it is still gaining heat energy (TRUE/FALSE) but its 

temperature does not change until it has melted (TRUE/FALSE) 
6.  Steam is water in the gaseous state so it is invisible (TRUE/FALSE) 
7.  The bubbles in boiling water contain air (TRUE/FALSE) 
8.  Clouds are made of water in the gaseous state (TRUE/FALSE) 
9.  The water disappears from rain puddles because it boils and turns into a gas 

(TRUE/FALSE) 
10. Water cannot be a gas below 100°C because it would condense (TRUE/

FALSE) 
11. When water boils to become steam it becomes lighter, which is why clouds 

and mist float  (TRUE/FALSE) 
12. A gas and a vapour are different things (TRUE/FALSE) 

Check your understanding: 



1.  When ice is heated it melts and turns into water at _0_ °C 
2.  When steam is cooled it condenses to water below _100_ °C 
3.  When water is heated it boils and turns to steam at _100_ °C 
4.  When water is cooled it freezes, becoming ice at _0_°C 
5.  When ice melts it is still gaining heat energy (TRUE) but its temperature 

does not change until it has melted (TRUE) 
6.  Steam is water in the gaseous state so it is invisible (TRUE) 
7.  The bubbles in boiling water contain air (FALSE – the contain steam) 
8.  Clouds are made of water in the gaseous state (FALSE – clouds are made of 

liquid droplets or ice crystals) 
9.  The water disappears from rain puddles because it boils and turns into a gas 

(FALSE – it evaporates, rather than boiling) 
10. Water cannot be a gas below 100°C because it would condense (FALSE – air 

at room temperature contains water vapour) 
11. When water boils to become steam it becomes lighter, which is why clouds 

and mist float  (FALSE – it is still H2O so has the same mass) 
12. A gas and a vapour are different things (FALSE) 

Answers: 





Is this lake boiling? 



Is evaporation the same as boiling? 

Both start off with a liquid and end up with a gas, but they are 
NOT the same thing: 

BOILING 
Happens only at the boiling 
point (e.g. 100⁰C for water) 
 
Happens throughout all the 
liquid 
 
Happens because all the liquid 
particles have enough energy 
to overcome the forces that 
hold them together as a liquid, 
so the whole liquid mass can 
turn into a gas 

EVAPORATION 
Happens at temperatures 
below the boiling point 
 
Happens only at the surface of 
the liquid 
 
Happens because a few of 
liquid particles at the surface 
have enough energy to break 
free of the surface to escape 
into the air above 





Diffusion in solutions 

water 

drop of ink 

The ink diffuses slowly throughout 
the whole volume of the water.   
 

It does this because both the 
water molecules and the ink 
particles are constantly moving, 
colliding with each other and 
randomly changing direction. 



Diffusion in gases 

ammonia + hydrogen chloride ! ammonium chloride 
 

The hydrogen chloride and the ammonia gases diffuse along 
the tube from either end, because the particles are 
constantly, randomly moving.   

•  Can you suggest why 
the smoke ring forms 
where it does? 

•  How would the 
observations be 
different at a higher 
temperature? 

Where they meet, they react forming a white ‘smoke ring’ 
of ammonium chloride.  



Elements, compounds and mixtures 

element 
 
 
 

compound 
 
 
 
mixture 

•  a pure substance made up of only one   
  type of atom (NOT necessarily just one   
   atom !) 

•  a pure substance made up of more than  
  one type of atom chemically bonded   
   together 

•  not pure - contains more than one element  
  or compound and can be separated by  
  physical means… 

A  pure substance has a fixed melting and boiling point, but 
a mixture may melt or boil over a range of temperatures 
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Atoms of the element argon exist on 
their own. 

Element 
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Oxygen atoms join in pairs. 
Argon and oxygen are elements 

Compound 
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Carbon and oxygen atoms are joined 
together in carbon dioxide. 

Mixture 
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Air is a mixture of elements and 
compounds 

Blob diagrams to show different types of substance: 



Solutions 

A solution is a mixture, consisting of a solid (the solute) and a 
liquid in which it is dissolved (the solvent). 
 

When the solution contains as much dissolved solid as it can, it 
is said to be saturated. 
 

The amount of solute that can be dissolved in a solvent to 
form a saturated solution increases as the temperature of the 
solution increases. 

solute                       solvent                           solution 



Separation Techniques 



Method: Filtration 
 
Separates: An insoluble 
solid from a liquid/
solution 
 
How it works: 
Solid particles can’t pass 
through the tiny gaps in the 
filter paper, but liquid 
particles (filtrate) can, and the 
solid residue is left behind. 

funnel 

filtrate 

mixture (solid + liquid) 

filter paper 

residue 

beaker 



Method: Crystallisation 
 
Use:  to get the solute 
out of a solution 

How it works: 
•  The solution is heated until enough of the solvent (water) 

has evaporated to make the solution saturated. 
•  Crystals will then start to form as the solvent continues to 

evaporate. 
•  The solution is allowed to cool – more crystals form 

because less solute can be dissolved at lower 
temperatures. 

•  The crystals are removed from the remaining solution by 
filtering. 

•  The crystals are dried (warm oven, or just left to dry). 



The solution is heated in the 
flask. The solvent boils, 
becoming a vapour, which 
travels to the condenser. Here 
it is cooled and condenses, 
collecting as a pure liquid 
called the distillate. 

Method:  Simple Distillation 
 
Separates: a solvent from a 
solution 
 
How it works: 

flask 

thermometer 

distillate 

condenser 

solution 



The mixture is heated in the flask, gradually increasing the 
temperature. Each liquid boils at its own unique boiling 
point, and its vapour can be collected and condensed, 
leaving the remaining liquids in the flask. 

Method:  Fractional 
Distillation 
 
Separates: a liquid 
from a mixture of 
liquids 
 
 
How it works: 



Method: Paper Chromatography 
 
Separates: the components in a coloured mixture 
e.g. inks/food colourings 
 
How it works: 
The more soluble each 
component, the further it 
travels, carried along as a 
solvent soaks up towards the 
top of the paper. 
 
Thus the components end up 
being separated from each 
other.  Insoluble components 
won’t move at all. 



Doing the experiment: 
 

A baseline is drawn in pencil on the 
chromatography paper Why not in 
ink? 
 

A small spot of the mixture is 
placed on the baseline.  
 
The bottom edge of the paper is 
then dipped in a solvent (usually 
water) and left for the solvent to 
soaks up to the top of the paper.   
 
If you know what might be in the 
mixture, spots of these substances 
can be placed on the baseline too 
(reference spots). 

baseline 

Unknown   A     B     C 
                References 



Interpreting the results: 
 

Each spot in the chromatogram is a 
different substance from the mixture 
(although sometime spots can be 
overlapping  - why?) 
 
If spots are the same colour and 
have moved the same distance then 
they are likely to be the same 
substance. 
 
 
This is useful e.g. in forensics, when 
reference spots of suspected 
components are used. 
 

Unknown   A     B     C 
                References 

where the 
solvent 
travelled up to 



Rf values: 
 
To help decide if two substances 
have travelled the same distance, 
their Rf values can be calculated and 
compared.   
 
 
 
 
 
Rf values may also compared to 
published values. 

         C 
                References 

where the 
solvent 
travelled up to 

Rf =  distance spot moved from baseline     (A) 
        distance solvent moved from baseline (B) 

A 

B 

baseline 



pure 
reference 
samples of 
additives 

colour mix 
from new 
sweets 

Example: At the start 
Two new sweets 
are being tested to 
see if they contain 
legal colour 
additives (sunburst 
yellow, mellow 
yellow and sunny 
yellow), or the 
illegal additive 
‘solar yellow’. 

✓ ✓ ✓ ✗ 



Interpret the 
results of this 
chromatography 
experiment.   
 
How many valid 
conclusions can 
you draw? 
 
What is the Rf 
value of solar 
yellow? 

where the solvent travelled up to 

At the end Example: 

✓ ✓ ✓ ✗ 


