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Determining Purity

A pure substance is made up of only one substance. 

Air is a mixture. It is made up of different gases. 
However, a white diamond is pure.
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Why is it important to determine 
purity of a substance? 

Impurities in drugs must be detected 
as they may cause side effects.

Chemicals are often added to food 
and beverages. It is important to 
ensure that only the pure chemicals 
are added.
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How do we determine the purity of a 
substance? 

We can do so by doing one of the following:

- Checking the melting point of a solid
- Checking the boiling point of a liquid
- Performing chromatography.
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Determining Purity by Melting and 
Boiling Points

A pure solid has an exact and constant
melting point.

A pure liquid has an exact and constant
boiling point.
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Effect of Impurities on Melting Points 

Impurities affect the melting point of a 
substance in two ways:

1. They lower the melting point. 
The greater the amount of impurities, the lower 
the melting point of the substance.  Eg. adding 
salt to ice, the mixture will melt below 0 ºC. 

2. They cause melting to take place over a range
of temperatures. Eg. Impure ice melts between 
–5 ºC to 0 ºC.
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Effect of Impurities on Boiling Points

1. If a liquid is impure, its boiling point will 
increase. 

2. The liquid will also boil over a range of 
temperatures. 

The greater the amount of impurities, the 
higher the boiling point of the liquid. 

Impurities affect the boiling point of a 
substance in two ways:

Copyright © 2006-2011 Marshall Cavendish International (Singapore) Pte. Ltd. 

Effect of Impurities & Pressure on 
Melting points and Boiling points

Presence of Impurities will spread
melting point  and boiling point.

In conclusion:

decrease increase
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Chromatography is a technique of 
using a solvent to separate a 
mixture (solids) into its 
components.

Determining Purity - Chromatography

Solvent e.g. ethanol

Chromatography paper

Mixture to be separated
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How does chromatography work? 

•For example, we need to determine 
the purity of a food colouring (which 
may be made up of different dyes). 

• A spot of the food colouring is applied 
to the chromatography paper. 

• The chromatography paper is dipped 
in ethanol (the solvent).

• Ethanol travels up the paper, 
carrying the dyes along. 

• A dye that is more soluble in the 
solvent will travel further.
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How do we interpret the result of 
chromatography? 

The chromatography paper with 
the separated components is 
called a chromatogram. 

The chromatogram shows that 
the food colouring is a mixture 
of two dyes. It is not pure. 
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How does the chromatogram of a 
pure substance look like?

However, if there is only 
one spot on the 
chromatogram, it means 
the substance is pure.
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• Chromatography was performed on a sample of 
food colouring (‘X’) and 4 banned dyes ( ‘A’, ‘B’, 
‘C’ and ‘D’). 

• If X contains any of the 4 banned dyes, it is not 
safe to be consumed.

X A B C D

How can we identify a banned substance present 
in food colouring? 
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- Identical dyes produce spots at the same height. 
- Sample X does not contain the banned dyes A, B and D. 
- However, X contains the banned dye C. Therefore, it 

must not be consumed. 

X A B C D

What conclusions can be drawn from this 
chromatogram? 

Copyright © 2006-2011 Marshall Cavendish International (Singapore) Pte. Ltd. 

X A B C D

- Dyes A and D are pure. {single spot}
- Both dye B and dye C are mixtures of two different dyes. 
- Sample X is a mixture of three dyes.

What other conclusions can be drawn from this 
chromatogram?
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What are the uses of chromatography? 

• separate the components in a sample, 

• identify the number of components in a sample, 

• identify the components present in a sample(by 
comparing with known substances), 

• determine the purity of a sample. 

Chromatography is used to 
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Separation Techniques 

You will learn how to separate the following: 
a) A solid from a mixture of liquid + solid
b) A mixture of solids 
c) A liquid from a solution (solute + solvent)
d) A mixture of liquids

Besides chromatography, there are other 
techniques to separate mixtures.
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Separating insoluble solid from liquid 
- filtration

� Filtration is the method of separating an 
insoluble solid from a liquid  
e.g. sand and water.

� A liquid which contains solid particles is 
called a suspension. 

coffee
milo medicine that requires 

‘shaking’ before drinking
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Separating insoluble solid from liquid 
- filtration

We can use filtration to separate 
insoluble solid particles from a 
liquid (often it is water). 

Examples of small solid 
particles include sand, clay, 
dust particles and 
precipitates.

precipitate= insoluble solid produced 

during a chemical reaction
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Filtration

Upon filtration, the solid that 
remains on the filter paper is 
called the residue.

The liquid or solution 
that passes through 
the filter paper is 
called the filtrate.
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Separating soluble solid from liquid 
– Evaporation to Dryness

To recover salt from salt solution, we 
evaporate the solution to dryness. 

salt solution

evaporating dish

Copyright © 2006-2011 Marshall Cavendish International (Singapore) Pte. Ltd. 

When a substance decomposes on heating or can lose 
its water of crystallisation, we do not evaporate it to 
dryness.

Instead, we crystallise it.

Separating soluble solid from liquid 
– Crystallisation

sugar 
decomposes on 

heating
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How do we purify by crystallisation? 

• In crystallisation, some water is removed by 
heating the solution. 

Heating is stopped at the stage when a hot 
saturated solution is formed. 

• (means it contains maximum of solid that can 
dissolve in a solvent)

If the resulting solution is allowed to cool to 
room temperature, the dissolved solid will be 
formed as pure crystals. 
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How do we test for a saturated solution?

• A clean glass rod can be used to test whether a solution 
is saturated. 

• It is dipped into the solution and removed. There will be 
a small amount of solution on the rod. 

• If small crystals form on the rod as the solution cools, 
the solution is saturated. 

• We say the solution is at its saturation point or 
crystallisation point. 
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Separating Solids 
e.g. salt and sand 

• Method: 

By adding a suitable solvent and filtration
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1. Pour some distilled water into the mixture of 
common salt and sand. Stir and warm the 
mixture.

2. Filter the mixture. 

Procedure 

residue

filtrate
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3. Wash the residue with a little distilled water to 
remove all the salt solution from it. The residue 
is sand. 

Procedure 

residue
(sand)
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4. Evaporate the filtrate to dryness. 

Salt is recovered.

Procedure 

filtrate
(salt solution)
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How do we use a magnet to separate 
solids? 

• Some metals are 
magnetic. 

• We can use this property 
to separate these metals 
(e.g. iron, nickel, cobalt, 
steel) from mixtures. 
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How do we use sublimation to 
separate solids? 

iodine

Mixture of salt and iodine

• Some substances, 
such as ammonium
chloride and iodine, 
sublime. 

• We can make use of 
this property to 
separate a substance 
that sublimes from 
one that does not
e.g. salt and iodine. 

Solid to gas to solid
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Separating a Liquid from a Solution 

• When a solid dissolves in a solvent, a solution
is formed. 

• Examples of solutions are salt solution and 
sugar solution.
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Separating a Liquid from a Solution 

• A pure solvent can be separated from a solution 
by simple distillation. 

• Distillation is the process of boiling a liquid and 
condensing the vapour. 
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Separating a Liquid from a Solution 

• For example, pure water (solvent) can be 
obtained from a salt solution by simple 
distillation. 

• To collect the solvent from the solution, 
we evaporate the solvent.
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How does simple distillation work?

1. In the distillation 
flask, water boils
and enters 
condenser.

2. In the condenser, 
water vapour 
condenses.

3. Pure water is 
collected as the 
distillate.
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What steps are taken during 
distillation?

The thermometer should be 
placed beside the side arm of 
the distillation flask.

Thermometer:
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What steps are taken during 
distillation?

It should not dip into the 
solution. 

This ensures that the 
thermometer measures the 
boiling point of the 
substance that is being 
distilled.

Thermometer:
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What steps are taken during 
distillation?

The condenser consists of two 
tubes: an inner tube and an 
outer water jacket. 

Cold running water enters from 
the bottom of the condenser 
and leaves from the top.

Condenser:

cold water
in

cold water
out
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What steps are taken during 
distillation?

If the distillate is 
volatile, the 
receiver can be 
put in a large 
container filled 
with ice.

Boiling chips 
are used to 
smooth the 
boiling.

This helps to keep the temperature of the distillate low
so that it remains in the liquid state.
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Separating Immiscible Liquids

• Liquids that do not dissolve
in each other are described 
as immiscible. 

• Oil and water are immiscible 
in each other.

• To separate immiscible 
liquids, we use a separating
funnel. 

oil

water

separating 
funnel
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Using a separating funnel to separate 
immiscible liquids

1. Pour the mixture of oil and water 
into the separating funnel. 
(Make sure the tap is closed.) 
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2. Support the separating funnel using 
a retort stand. 

Using a separating funnel to separate 
immiscible liquids

Then place a clean beaker 
below the separating funnel.
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3. Allow the liquids to separate
completely. This may take some 
time. The denser liquid (water) 
will be the bottom layer. 

Using a separating funnel to separate 
immiscible liquids
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4. Open the tap of the funnel to 
allow the bottom layer to 
drain into the beaker. 

Close the tap before the top 
layer of liquid runs out. 

Using a separating funnel to separate 
immiscible liquids
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Now, the separating funnel contains 
only oil while the beaker from step 4 
contains only water.

5. Place another beaker below the funnel. 
Open the tap to allow a little of the top 
layer of liquid into the beaker. Dispose 
of the liquid collected. 

Using a separating funnel to separate 
immiscible liquids
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Separating Miscible Liquids –
fractional distillation 

• Unlike oil and water, ethanol and water mix 
together completely to form a solution. They 
are said to be miscible. 

• If two liquids are miscible, they must be 
separated by a technique called fractional
distillation. 
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A fractionating column, is 
attached to the round-bottomed 
flask and the condenser for 
fractional distillation. 

Many glass beads in the 
fractionating column provide a large 
surface area for vapour to condense 
on. 

Other than glass beads, a 
fractionating column may be filled 
with plates or a spiral.

Compare simple distillation with 
fractional distillation 

Copyright © 2006-2011 Marshall Cavendish International (Singapore) Pte. Ltd. 

A fractionating column, is 
attached to the round-bottomed 
flask and the condenser for 
fractional distillation. 

Other than glass beads, a 
fractionating column may be filled 
with plates or a spiral.

Compare simple distillation with 
fractional distillation 

Many glass beads in the 
fractionating column provide a large
surface area for vapour to 
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A fractionating column, is 
attached to the round-bottomed 
flask and the condenser for 
fractional distillation. 

Many glass beads in the 
fractionating column provide a large
surface area for vapour to 
condense on. 

Compare simple distillation with 
fractional distillation 

Other than glass beads, a 
fractionating column may be filled 
with plates or a spiral.
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An example of a mixture of 2 liquids

• Ethanol and water are soluble in each other.

• To separate these 2 miscible liquids, we use 
fractional distillation.
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An example of a mixture of 2 liquids

• The boiling point of ethanol is 78 oC while 
the boiling point of water is 100 oC.

• In fractional distillation, the liquid with 
lower boiling point (ethanol) will be 
collected first.
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How does fractional distillation work?

1. In the distillation flask, the 
mixture of ethanol and 
water boils and both liquids 
may distil together.

3. Ethanol distils over. In the 
condenser, ethanol vapour 
condenses.

4. Ethanol is 
collected as 
the distillate.

2. Vapour of the liquid 
with higher boiling 
point condense along 
the fractionating 
column and re-enter
the round-bottomed 
flask. 

Copyright © 2006-2011 Marshall Cavendish International (Singapore) Pte. Ltd. 

How does the temperature change as a solution 
of ethanol and water undergoes fractional 
distillation? 

Temperature / oC

Time / s

1. The temperature
of the mixture 
increases as it is 
heated. 
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1. The temperature
of the mixture 
increases as it is 
heated. 

Temperature / oC

Time / s

2. At 78 °C, ethanol distils over. 
The temperature remains 
constant until all the ethanol has 
distilled out of the round-
bottomed flask.

How does the temperature change as a solution 
of ethanol and water undergoes fractional 
distillation? 
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Temperature / oC

Time / s

3. The temperature then 
increases until 100 °C. 

At 100 °C, water
distils over.

The temperature 
remains unchanged
as water is being 
distilled.

2. At 78 °C, ethanol distils over. 
The temperature remains 
constant until all the ethanol has 
distilled out of the round-
bottomed flask.

1. The temperature
of the mixture 
increases as it is 
heated. 

How does the temperature change as a solution 
of ethanol and water undergoes fractional 
distillation? 
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What are the industrial applications 
of fractional distillation? 

• Fractional distillation is used in 
industries to obtain nitrogen, 
argon and oxygen from liquefied
air. 

• Fractional distillation can be used 
to separate mixtures of liquids such 
as crude oil. 

• Ethanol is formed when glucose 
solution undergoes fermentation
in the presence of yeast. We can 
separate ethanol from glucose
solution by fractional distillation. 


