
chromatography
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chromatography
Its a method for separating and identifying the 
chemicals in a mixture. 

Chromatography can be used to: 

1. to separate the components of a mixture

�2

chromatography
2. to determine the identity of the components of
a mixture (usually by comparison with known
compounds). 
3. to determine the amounts of the various
components present in a mixture (usually by
comparison with a standard). 

�3

mechanism of chromatography
All chromatographic techniques involve a 
stationary phase and a mobile phase.  

The components in a mixture are separated 
because of their differences in affinity for the 
stationary and mobile phases.
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mechanism of chromatography
There are two basic phenomena that may be 
exploited to bring about separation of the 
components of a mixture: adsorption and partition. 
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adsorption
Separation occurs by adsorption in column 
chromatography.  

The column is packed with small particles of a solid 
(the stationary phase). The mixture is placed on the 
top of the column and a solvent (the mobile phase) 
is passed through the column. 
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adsorption
The components of 
the mixture separate 
as they move down 
the column.
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GZVhdch�[dg�jh^c\�X]gdbVid\gVe]n
There are several reasons for using chromatography:
r� to separate the components of a mixture
r� to determine purity
r� to determine the identity of the components of a mixture (usually by 

comparison with known compounds)
r� to determine the amounts of the various components present in a 

mixture (usually by comparison with a standard).

I]Z�bZX]Vc^hb�d[�hZeVgVi^dc�d[�V�b^mijgZ�
All chromatographic techniques involve a stationary phase and a 
mobile phase. The components in a mixture are separated because of 
their diff erences in affi  nity for the stationary and mobile phases. There are 
two basic phenomena that may be exploited to bring about separation of 
the components of a mixture: adsorption and partition.

6Yhdgei^dc
Separation occurs by adsorption in column chromatography. The column 
is packed with small particles of a solid (the stationary phase). The mixture 
is placed on the top of the column and a solvent (the mobile phase) is 
passed through the column. The components of the mixture separate as 
they move down the column:
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Note: the process is adsorption and 
not absorption.

A substance travelling down a 
column may be either be adsorbed 
onto the stationary phase or 
dissolved in the mobile phase. The 
substance that is most strongly 
adsorbed will travel most slowly.

The diff erent components of the mixture separate from each other as 
they have diff erent tendencies to be adsorbed onto the surface of the solid 
particles in the column.

In Figure A34, the red particles have a greater tendency to be 
adsorbed on the solid particles and so spend less time dissolved in the 
solvent fl owing through the column. The yellow particles have very adsorption

The different components of the mixture separate 
from each other as they have different tendencies to 
be adsorbed onto the surface of the solid particles.  

The more polar the particles, the greater the 
tendancy they will have to be adsorbed on the 
staionary phase.

�8

6��BD9:GC�6C6ANI>86A�8=:B>HIGN (%8=:B>HIGN�;DG�I=:�>7�9>EADB6���86B7G>9<:�JC>K:GH>IN�EG:HH�'%&&(% 8=:B>HIGN�;DG�I=:�>7�9>EADB6���86B7G>9<:�JC>K:GH>IN�EG:HH�'%&&6��BD9:GC�6C6ANI>86A�8=:B>HIGN

little tendency to be adsorbed on the solid particles and so spend more 
time dissolved in the mobile phase. The yellow particles thus travel more 
quickly down the column.
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Partition works because a solute will be distributed between two immiscible 
solvents according to its solubility in each solvent. For instance, if an 
aqueous solution of bromine is shaken with hexane, most of the bromine 
moves into the hexane layer, as bromine is more soluble in hexane.

In partition chromatography, the stationary phase is a liquid. Separation 
occurs because of the diff erent tendencies of the components of the 
mixture to dissolve in the stationary phase solvent or in the mobile phase 
solvent. A substance that is more soluble in the stationary phase will travel 
more slowly through the system.

EVeZg�X]gdbVid\gVe]n��eVgi^i^dc�
Paper chromatography may be used to separate the various dyes in 
coloured inks, to separate a mixture of sugars or to separate amino acids, 
for example. This is the experimental set-up for paper chromatography:
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The process of the solvent 
travelling up the paper to 
produce a chromatogram is 
called development. The word 
‘development’ is used diff erently 
in the IB chemistry syllabus – see 
below.
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adsorption�9

partition
Partition works because a solute will be distributed 
between two immiscible solvents according to its 
solubility in each solvent.  

If an aqueous solution of bromine is shaken with 
hexane, most of the bromine moves into the 
hexane layer, as bromine is more soluble in hexane. 
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partition
In partition chromatography, the stationary phase 
is a liquid. 
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little tendency to be adsorbed on the solid particles and so spend more 
time dissolved in the mobile phase. The yellow particles thus travel more 
quickly down the column.
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Partition works because a solute will be distributed between two immiscible 
solvents according to its solubility in each solvent. For instance, if an 
aqueous solution of bromine is shaken with hexane, most of the bromine 
moves into the hexane layer, as bromine is more soluble in hexane.

In partition chromatography, the stationary phase is a liquid. Separation 
occurs because of the diff erent tendencies of the components of the 
mixture to dissolve in the stationary phase solvent or in the mobile phase 
solvent. A substance that is more soluble in the stationary phase will travel 
more slowly through the system.

EVeZg�X]gdbVid\gVe]n��eVgi^i^dc�
Paper chromatography may be used to separate the various dyes in 
coloured inks, to separate a mixture of sugars or to separate amino acids, 
for example. This is the experimental set-up for paper chromatography:
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The process of the solvent 
travelling up the paper to 
produce a chromatogram is 
called development. The word 
‘development’ is used diff erently 
in the IB chemistry syllabus – see 
below.
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partition
Separation occurs because of the different 
tendencies of the components of the mixture to 
dissolve in the stationary phase solvent or in the 
mobile phase solvent. 

A substance that is more soluble in the stationary 
phase will travel more slowly through the system. 
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paper chromatography
In simple paper chromatography, a mixture of 
coloured substances is spotted onto a sheet of 
absorbent paper.  

The paper dips into a solvent and the solvent 
separates the components of the mixture.
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paper chromatography�14

In this section you will learn to:

• Select key terms to describe 
the general concept of 
chromatography 

• List and compare different 
chromatographic techniques

• Describe how a gas-liquid 
chromatograph instrument 
works and analyse 
chromatograms to find sample 
composition

b The spectrum in Figure 13.33 has only two peaks. Looking at the three 
possible isomers, we can see that the first two (1-bromobutane and 
2-bromobutane) each have four different types of C atom, but the third 
(2-bromo-2-methylpropane) has only two types of C atom. (The different 
types of C atoms have different colours in the structures above.)

 Since the NMR spectrum for X has only two peaks, 2-bromo-2-
methylpropane must be the correct isomer. Looking at Table 13.7, the 
peak at about 62 ppm corresponds to the C attached to the Br atom, and 
the peak at about 38 ppm corresponds to the C atoms in CH3.

What is chromatography?

In simple paper chromatography, a mixture of coloured substances is spotted 
onto a sheet of absorbent paper (Figure 13.34). The paper dips into a solvent 
and the solvent separates the components of the mixture. This is a simple and 
quick way of finding out the components of a mixture of coloured substances 
(chromatography literally means ‘colour writing’).

There are several types of chromatography – they do not all involve paper, or 
even coloured substances.

All chromatography involves separating mixtures by using a stationary 
phase and a mobile phase. In paper chromatography, the stationary phase 
is the paper and the mobile phase is the solvent. The different components 
of the mixture are attracted to different extents to the two phases and get 
partitioned between the two phases. In the example in Figure 13.34, the blue 
dye is partitioned more into the mobile solvent phase than the stationary paper 
phase, so it travels further up the paper.

When a component is present in both phases, it is said to be partitioned 
between the phases.

Heading AChromatography13.9

Fig 13.34 Simple paper chromatography. You can see that the purple ink at the right-hand side is actually made up of yellow, red and  
blue dyes

Absorbent
chromatography
paper

Solvent

Before
Spots of different
coloured ink are

dropped onto
absorbent paper

After
Different components of 

the inks rise up the paper to 
different extents and are

separated
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13.9 Chromatography

paper chromatography
This is a simple and quick way of finding out the 
components of a mixture of coloured substances 
(chromatography literally means ‘colour writing’).  

There are several types of chromatography – they 
do not all involve paper, or even coloured 
substances. 
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thin layer chromatography (TLC) �16

Table 13.8 summarises the different types of chromatography that we look at in 
this section.

Table 13.8 The different types of chromatography

Type Stationary phase Mobile phase Used for

Paper chromatography Paper Solvent rising up the 
paper

Separating mixtures to 
identify their components

Thin layer 
chromatography (TLC)

An adsorbent solid 
spread thinly on a 
metal or plastic plate

Solvent rising up the 
plate

Separating mixtures to 
identify their components

Column chromatography An adsorbent solid 
packed in a column

Solvent poured down 
the column

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

High performance liquid 
chromatography (HPLC)

An adsorbent solid 
packed in a column

Solvent forced through 
the column under 
pressure

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

Gas–liquid 
chromatography (GLC)

Organic liquid spread 
on surface of an 
unreactive column, 
heated in an oven

Unreactive gas forced 
through the column 
under pressure

Separating mixtures of 
gases or volatile liquids to 
identify their components

Thin layer chromatography (TLC)

Figure 13.35 shows a typical TLC set-up. The adsorbent solid on the plate is 
a very fine powder, giving a high surface area for adsorption. The adsorbent 
solid on the plate is often a thin layer of silicon(IV) oxide (silica, SiO2). 
As the solvent rises up the plate, the components get partitioned between 
the solid silica and the liquid solvent. Different components travel different 
distances.

Fig 13.35 A typical arrangement for thin layer chromatography

Thin layer of
adsorbent
coating – SiO2

Plate
(plastic or metal)

1
TLC plate is prepared
with a thin layer of
adsorbent coating

2
A small amount of the
sample in solution is
spotted on to the plate

3
The end of the TLC
plate is immersed in
a pool of solvent

Atmosphere within
the tank is saturated
with solvent vapour

Components
separate out
on plate

Solvent

Solvent
front

NOTE
There is a difference between 
adsorption and absorption. 
Adsorption occurs when a 
substance sticks to the surface 
of a solid. Absorption occurs 
when the substance is distributed 
throughout the solid, like water in 
a sponge.

TLC is an improvement on paper chromatography, because it is fast and 
gives clearer, sharper separation of the spots. It is used widely in research 
laboratories, for example to check the products of a reaction, or to see whether 
a product contains impurities.

DEFINITIONS
The stationary phase in 
chromatography is a solid or a 
liquid held on a solid support. 

The mobile phase is a liquid 
or gas that moves through the 
stationary phase.
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Introduction to organic chemistry

thin layer chromatography (TLC) 
The adsorbent solid on the plate is a very fine 
powder, giving a high surface area for adsorption.  

The adsorbent solid on the plate is often a thin 
layer of silicon(iv) oxide (silica, SiO2). 
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thin layer chromatography (TLC) 
As the solvent rises up the plate, the components 
get partitioned between the solid silica and the 
liquid solvent.  

Different components travel different distances. 
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Rf

We can describe the position of spots on 
a paper chromatogram or tlc using the 
retardation factor (Rf) value: 
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GZiVgYVi^dc�[VXidg�kVajZ
We can describe the position of spots on a paper chromatogram using the 
retardation factor (R f) value:

 distance solute movesR f = 
distance solvent front moves

These distances can be measured on the paper or TLC plate from the 
position of the original pencil line (not from the bottom of the paper 
or plate). In Figure A35: 

 aR f = 
b

 4.8R f = 
10.4

 = 0.46
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X

W

;^\jgZ�6(*�BZVhjgZ�[gdb�i]Z�eZcX^a�a^cZ�
id�i]Z�b^YYaZ�d[�i]Z�hedi#

The R f value depends strongly 
on the solvent used as the mobile 
phase and may also be aff ected by 
the type of paper or plate used. 

The R f value has no units.

An R f value close to 1 indicates that a component has a very high 
affi  nity for the mobile phase, whereas a very low R f value means that the 
component hardly moves at all from the base line and has a very high 
affi  nity for the stationary phase.

The R f value may be useful in identifying the components of a 
mixture. Consider an experiment in which we wish to determine the 
dyes present in a mixture: we suspect that the mixture, X, contains some 
or all of the dyes A, B, C and D. The mixture is spotted onto a piece of 
chromatography paper or a TLC plate together with pure samples of each 
of the dyes A–D (Figure A36). The results show that X contains three 
components, and as the spots of A, B and C have moved the same distance 
as the individual components of X, we can be reasonably sure that X is a 
mixture of A, B and C. No component of X moves the same distance as 
D, so X does not seem to contain D.
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GZiVgYVi^dc�[VXidg�kVajZ
We can describe the position of spots on a paper chromatogram using the 
retardation factor (R f) value:

 distance solute movesR f = 
distance solvent front moves

These distances can be measured on the paper or TLC plate from the 
position of the original pencil line (not from the bottom of the paper 
or plate). In Figure A35: 

 aR f = 
b

 4.8R f = 
10.4

 = 0.46
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The R f value depends strongly 
on the solvent used as the mobile 
phase and may also be aff ected by 
the type of paper or plate used. 

The R f value has no units.

An R f value close to 1 indicates that a component has a very high 
affi  nity for the mobile phase, whereas a very low R f value means that the 
component hardly moves at all from the base line and has a very high 
affi  nity for the stationary phase.

The R f value may be useful in identifying the components of a 
mixture. Consider an experiment in which we wish to determine the 
dyes present in a mixture: we suspect that the mixture, X, contains some 
or all of the dyes A, B, C and D. The mixture is spotted onto a piece of 
chromatography paper or a TLC plate together with pure samples of each 
of the dyes A–D (Figure A36). The results show that X contains three 
components, and as the spots of A, B and C have moved the same distance 
as the individual components of X, we can be reasonably sure that X is a 
mixture of A, B and C. No component of X moves the same distance as 
D, so X does not seem to contain D.
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An Rf value close to 1 indicates that a component 
has a very high affinity for the mobile phase,  

whereas a very low Rf value means that the 
component hardly moves at all from the base line 
and has a very high affinity for the stationary phase. 
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two dimensional chromatography�21
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 29 Techniques of analysis

acids (Figure 29.2); Tollens’ or Fehling’s reagents for reducing sugars. A general 
visualising agent for most organic compounds is iodine: when the paper is placed in 
a tank containing iodine vapour, the iodine is absorbed preferentially by the organic 
compounds in the spots, turning them brown.

The usual way of identifying the compounds that make up the various spots 
on a chromatography sheet is to measure their retardation factor Rf values 
(Figure 29.3). These are compared with the Rf values of known ‘reference’ compounds, 
spots of which were applied to the sheet at the same time as the mixture.

29_03 Cam/Chem AS&A2
Barking Dog Art

start to solvent front
(b)

start to centre of spot
(a)

Rf =
a 22 mm =
b 38 mm

= 0.58

The retardation factor, Rf, is defi ned by the equation:

Rf = 
a
b

 = 
distance moved by solute
distance moved by solvent

Each compound has a characteristic Rf value for a given solvent, but occasionally 
different compounds can have very similar Rf values in a particular solvent, and so it 
is not easy to separate them. If a new solvent – one with a different polarity – is used, 
the compounds are likely to have different Rf values to each other, so they can now 
be separated.

This is applied in two-dimensional chromatography. This technique uses two 
moving phase solvents of different polarities. In this technique a spot of the mixture 
of compounds is placed at a corner of a square sheet of chromatography paper. The 
sheet is placed in a tank containing the fi rst solvent, and is left until the solvent front 
reaches the far edge of the sheet. The sheet is removed from the tank, and allowed to 
dry thoroughly. It is then turned through 90° and placed in a different tank containing 
the second solvent, so that the spots that have been partially separated by the fi rst 
solvent lie along the bottom of the sheet, just above the level of the second solvent 
in the tank. When the second solvent front has reached the end of the sheet, it is 
removed, dried and sprayed with the developing agent (Figure 29.4). The Rf values 
in each solvent can be measured, and compared with those of reference compounds. 
This type of chromatography has been used to identify the amino acids obtained from 
the hydrolysis of proteins.

29_04 Cam/Chem AS&A2
Barking Dog Art

after running in first 
solvent
(two pairs of overlapping 
spots)

rotate paper
through 90°

after running in second
solvent
(all spots now separated
from each other)

before running in 
second solvent

spot of 
mixture
applied 
here

Figure 29.3 The retardation factor, Rf

Figure 29.4 Two-dimensional chromatography
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r� A line is drawn with a pencil (not a pen, as the inks may move with the 
solvent) across a piece of chromatography paper about 1 cm from the 
bottom.

r� A sample of the mixture is placed on the pencil line and allowed to dry.
r� The paper is suspended in a container with a small amount of solvent 

at the bottom so that the end of the paper dips into the solvent (the 
original spot must be above the top of the solvent).

r� The solvent is drawn up the paper by capillary action.
r� The container is closed, so that the atmosphere becomes saturated with 

the solvent – this prevents evaporation of the solvent from the surface 
of the paper.

r� The process is stopped when the solvent front is about 1 cm from the 
top of the paper. A pencil line is drawn to record the position of the 
solvent front and the paper is dried.
The fi bres that make up the paper are coated with water, and it is this 

water that is the stationary phase in paper chromatography. Separation is 
due to partition of the various substances between the stationary and 
mobile phases. Materials more soluble in the water on the fi bres will move 
up the paper more slowly.

I]^c"aVnZg�X]gdbVid\gVe]n��VYhdgei^dc�
Thin-layer chromatography (TLC) is a very similar technique to paper 
chromatography, and the experiment is carried out in basically the same 
way, but instead of a piece of paper, a plate (a piece of plastic, glass or 
metal) coated in silica gel or alumina is used.

Separation here is due to adsorption – the components of the mixture 
are either dissolved in the solvent or adsorbed onto the stationary phase. 
The greater the tendency of a solute molecule to be adsorbed onto the 
stationary phase, the more slowly it moves along the plate.

TLC may be used for similar separations to those for paper 
chromatography. TLC has many advantages over paper chromatography, 
however: for example, it is faster and gives better resolution (better 
separation of spots).

AdXVi^dc�d[�hedih��k^hjVa^hVi^dc�
If the substances to be separated are colourless (e.g. amino acids or sugars), 
then some method must be used to locate the spots on the paper or TLC 
plate. The spots may be located using a locating agent. Amino acids, 
which are colourless, may be located by spraying with ninhydrin, which 
makes them show up as pink or purple spots. Other methods that are 
useful for organic solutes are exposing the paper or plate to iodine vapour 
(the spots become brown) or spraying the plate with concentrated sulfuric 
acid then heating it (the spots appear as brown-black). A specifi c locating 
agent for sugars is p-anisidine hydrochloride (4-methoxybenzenamine 
hydrochloride). Spots may also often be located by the use of an ultraviolet 
lamp, as some substances fl uoresce under ultraviolet light (many TLC plates 
also have fl uorescent compounds mixed in with the adsorbent).
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h^a^XV�\Za�dg�Vajb^cV��
XdVi^c\�i]Z�eaViZ

bdW^aZ�e]VhZ i]Z�hdakZci
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Examiner’s tip
Visualisation is called 
development in the IB 
chemistry syllabus.

TLC plates are also commonly 
coated with cellulose powder, 
in which case the method of 
separation is partition.

Solvent front: distance moved by 
the solvent up the paper.

6��BD9:GC�6C6ANI>86A�8=:B>HIGN (&8=:B>HIGN�;DG�I=:�>7�9>EADB6���86B7G>9<:�JC>K:GH>IN�EG:HH�'%&&

r� A line is drawn with a pencil (not a pen, as the inks may move with the 
solvent) across a piece of chromatography paper about 1 cm from the 
bottom.

r� A sample of the mixture is placed on the pencil line and allowed to dry.
r� The paper is suspended in a container with a small amount of solvent 

at the bottom so that the end of the paper dips into the solvent (the 
original spot must be above the top of the solvent).

r� The solvent is drawn up the paper by capillary action.
r� The container is closed, so that the atmosphere becomes saturated with 

the solvent – this prevents evaporation of the solvent from the surface 
of the paper.

r� The process is stopped when the solvent front is about 1 cm from the 
top of the paper. A pencil line is drawn to record the position of the 
solvent front and the paper is dried.
The fi bres that make up the paper are coated with water, and it is this 

water that is the stationary phase in paper chromatography. Separation is 
due to partition of the various substances between the stationary and 
mobile phases. Materials more soluble in the water on the fi bres will move 
up the paper more slowly.

I]^c"aVnZg�X]gdbVid\gVe]n��VYhdgei^dc�
Thin-layer chromatography (TLC) is a very similar technique to paper 
chromatography, and the experiment is carried out in basically the same 
way, but instead of a piece of paper, a plate (a piece of plastic, glass or 
metal) coated in silica gel or alumina is used.

Separation here is due to adsorption – the components of the mixture 
are either dissolved in the solvent or adsorbed onto the stationary phase. 
The greater the tendency of a solute molecule to be adsorbed onto the 
stationary phase, the more slowly it moves along the plate.

TLC may be used for similar separations to those for paper 
chromatography. TLC has many advantages over paper chromatography, 
however: for example, it is faster and gives better resolution (better 
separation of spots).

AdXVi^dc�d[�hedih��k^hjVa^hVi^dc�
If the substances to be separated are colourless (e.g. amino acids or sugars), 
then some method must be used to locate the spots on the paper or TLC 
plate. The spots may be located using a locating agent. Amino acids, 
which are colourless, may be located by spraying with ninhydrin, which 
makes them show up as pink or purple spots. Other methods that are 
useful for organic solutes are exposing the paper or plate to iodine vapour 
(the spots become brown) or spraying the plate with concentrated sulfuric 
acid then heating it (the spots appear as brown-black). A specifi c locating 
agent for sugars is p-anisidine hydrochloride (4-methoxybenzenamine 
hydrochloride). Spots may also often be located by the use of an ultraviolet 
lamp, as some substances fl uoresce under ultraviolet light (many TLC plates 
also have fl uorescent compounds mixed in with the adsorbent).
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XVe^aaVgn�VXi^dc

Examiner’s tip
Visualisation is called 
development in the IB 
chemistry syllabus.

TLC plates are also commonly 
coated with cellulose powder, 
in which case the method of 
separation is partition.

Solvent front: distance moved by 
the solvent up the paper.

Fig 13.36 The result of a TLC experiment to investigate food dyes. A: yellow dye; B: green dye;  
C: blue dye; D: purple dye

A B C D

Solvent front

Base line drawn
in pencil

23 Figure 13.36 shows the result 
of an investigation of four 
food dyes, A, B, C and D. Look 
closely at Figure 13.36.

a What do the results tell you 
about the green food dye B?

b What can you say about the 
way the purple food dye 
D is partitioned between 
the stationary and mobile 
phases?

c Why is it important that the 
base line is drawn in pencil, 
not ink?

d Calculate the Rf values for 
dyes A and C (see box for 
explanation of Rf values).

Q U E S T I O N

NOTE
Rf values

Rf values are a way of measuring 
how far a component has 
travelled, relative to the solvent 
front (Figure 13.37).

Rf values are constant for a given 
component and a given set of 
chromatography conditions: 
in particular the solvent, the 
stationary phase and the 
temperature. If two spots on a 
chromatogram have the same 
Rf value, they are probably 
chemically identical.

Solvent front

Base line

y

x

A

C

Rf for substance C = x
y

Fig 13.37

The components separated by TLC do not have to be coloured. Colourless spots 
can be shown up by using a locating agent to make them coloured. Another 
method of showing up the spots involves shining ultraviolet light on the plate.

Column chromatography and HPLC

In column chromatography, the stationary phase is an adsorbent solid (often 
silica) packed into a column (Figure 13.38). The mobile phase is a solvent 
poured through the column and the separated components flow out at the 
bottom and can be collected. So column chromatography can be used to 
separate and identify components (as in TLC), but it can also be used to collect 
the separated components and do further experiments on them. This is very 
useful when you are synthesising organic chemicals.

1
Sample is placed
on the top of the
packed column

2
Solvent is 
poured down
the column

3
Different components in the sample
become separated into bands and are
collected at the bottom of the column

Solvent

Components
of the sample

move down the
column at

different rates,
forming bands

Solvent

Column
packed
with
absorbent
SiO2

Sample

Fig 13.38 Column chromatography
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column chromatography
The mobile phase 
moves down by gravity 
and carries the 
components of the 
sample, which travel at 
various speeds and 
leave the column at 
different times. 

�23

column chromatography
The various components of the mixture are 
adsorbed to different extents on the stationary 
phase (solid particles of silica gel). 

The component with the greatest tendency to be 
adsorbed on the stationary phase travels most 
slowly through the column. 

�24

column chromatography
The separated components are detected as they 
come out of the column at different times.  

The time each component spends in the column 
(the retention time) can be used to compare 
unknown components with a known reference 
substance.

�25



detector
The detector records retention times,  

The area under each peak recorded is proportional 
to the amount of solute emerging from the column.
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hplc
Various modifications of column chromatography 
include high-performance liquid chromatography 
(HPLC) that uses a solid stationary phase and a 
liquid mobile phase pushed through the column at 
high pressure. 

�27

gas chromatography (GC or GLC)
And gas chromatography (GC) with a gaseous 
mobile phase and a liquid . 

GC is primarily used for the identification of 
volatile compounds in environmental, medical, and 
forensic studies. 

�28
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Fig 13.39 An HPLC system

DEFINITION
Retention time is the time that a 
component spends in the column 
in HPLC or GLC before it reaches 
the detector.

You can also use column chromatography quantitatively – to measure the 
quantities of different products formed in a reaction.

High performance liquid chromatography (HPLC) is an advanced version 
of column chromatography. To get good separation, you need very fine solid 
particles in the column, giving a big surface area. The solid (often silica) is 
powdered into very small particles, about a tenth of the width of a human hair. 
A pump is needed to force the solvent through the densely packed column –  
at pressures up to 500 atmospheres. Figure 13.39 shows a modern HPLC 
machine. The biggest part of the machine is the electronics that control it and 
detect the output from the column. The column itself is quite small – about the 
size of a pencil.

The separated components are detected as they come out of the column at 
different times. The time each component spends in the column (the retention 
time) can be used to compare unknown components with a known reference 
substance.

HPLC is widely used to separate small quantities of pure compounds from 
mixtures. This is useful in the pharmaceutical industry, for example, where small 
but valuable quantities of a new drug may be separated from a reaction mixture. 
When scientists are studying biochemical reactions, they often need to separate 
compounds which are very similar to one another. The efficient separation of 
HPLC makes it very useful for this.

Gas–liquid chromatography (GLC)

In GLC, the mobile phase is a gas, not a liquid. Figure 13.40 shows the 
arrangement in outline.

The inert carrier gas, usually nitrogen or helium, flows through a column 
inside a heated oven. The inside of the column is coated with a thin layer of a 
stable, non-volatile liquid, such as silicone oil (Figure 13.41).

Fig 13.40 An outline of gas chromatography

Valve
and flow
control

Computer

Detector

Oven

Sample injected
from syringe

Mobile phase:
carrier gas
(N2  or He)

Stationary phase
in column

Fig 13.41 Enlargement of a GLC column. The 
column can be up to 100 m long, but coiled 
up. Its diameter is less than 0.5 mm

Polymer coating

Silica
capillary

Thin liquid coating on inside
of tube is the stationary phase

The sample being analysed could be a gas or a volatile liquid, which vaporises 
in the oven. When it is injected into the gas stream, the sample gets carried 
along through the column. The components are partitioned between the 
gas phase and the liquid in the column. Components that are absorbed 
most strongly by the liquid stay longer in the column and come out last. 

Detector

Control system

Mobile phase  
(solvent)

Column chamber
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glc
In GC, the mobile phase is a gas, not a liquid.  

The inert carrier gas, usually nitrogen or helium, flows 
through a column inside a heated oven. The inside of 
the column is coated with a thin layer of a stable, 
non-volatile liquid, such as silicone oil.  

�30



glc
The sample being analysed could be a gas or a 
volatile liquid, which vaporises in the oven. When it 
is injected into the gas stream, the sample gets 
carried along through the column.  

The components are partitioned between the gas 
phase and the liquid in the column.

�31

glc
Components that are absorbed most strongly by 
the liquid stay longer in the column and come out 
last.  

Components that are adsorbed least strongly by 
the liquid come out first. The time that a component 
spends in the column is its retention time. 

�32
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Fig 13.42 A gas chromatogram of a sample of natural gas
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Components that are adsorbed least strongly by the liquid come out first. The 
time that a component spends in the column is its retention time.

Figure 13.42 shows a gas chromatogram for a sample of natural gas from a 
refinery. Notice the following points.

• There are several peaks, because natural gas is a mixture of gases. Each peak 
represents a different compound.

• The peaks differ in height. The height of each peak is approximately 
proportional to the relative quantity of the component in the mixture.

• Gases like methane and N2, with small molecules, have low retention times 
and come out of the column early. Gases with larger molecules have longer 
retention times.

GLC is a valuable method for separating mixtures of gases and volatile liquids 
and identifying their components. It is very sensitive and can detect tiny 
quantities. It also gives a measure of the quantity of components as well as 
detecting their presence.

GLC is widely used in research, industry and environmental monitoring. It is 
very useful in the petroleum industry for monitoring the composition of crude 
oil, gasoline and other fractions. Each sample of crude oil has a characteristic 
GLC ‘fingerprint’ so you can use GLC to find the source of oil pollution. Police 
use GLC to measure the concentration of alcohol in a car driver’s breath.

24 Look at Figure 13.42 and answer these questions.

a Estimate the retention times of: i CO2 , ii H2S under these conditions.

b Suggest a reason why compounds like methane and N2 have low 
retention times – in other words, they come out of the column more 
quickly than compounds like propane.

c Use the peak heights to estimate the ratio of methane to propane in 
this sample of natural gas.

d Suggest a reason why it is important to be able to detect the presence 
of H2S in natural gas.

e The chromatogram shows peaks for two C4 alkanes. Draw structural 
formulae for each.

Q U E S T I O N
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glc
the above shows gas chromatogram for a sample of 
natural gas from a refinery. 

Each peak represents a different compound.  

The height/area of each peak is approximately 
proportional to the relative quantity of the 
component in the mixture. 
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glc
Gases like methane and N2, with small molecules, 
have low retention times and come out of the 
column early. Gases with larger molecules have 
longer retention times. 

�35
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The experiment could also have been conducted using separate plates /
pieces of chromatography paper and comparing the R f values of the pure 
dyes with each component of X. If the R f values were the same using the 
same solvent and the same type of TLC plate or chromatography paper, it 
would be likely that the substances were the same.

8dajbc�X]gdbVid\gVe]n$a^fj^Y�X]gdbVid\gVe]n�
�VYhdgei^dc�
These are the stages in a column chromatography experiment:

Xdci^cjdjh�[adl
d[�hdakZci

Xdci^cjdjh�[adl
d[�hdakZci

hda^Y�VYhdgWZci

b^mijgZ

hda^Y�VYhdgWZci

XdbedcZci�d[
b^mijgZ

XdbedcZci�d[
b^mijgZ

r� The column is fi lled with powdered solid adsorbent as a slurry in the 
solvent to be used.

r� The mixture to be separated is added at the top of the column.
r� The tap is opened so that the solvent fl ows through the column and 

further solvent is added continuously.
r� As the solvent fl ows through the column, the components of the 

mixture move down the column.
r� The diff erent components of the mixture are collected in separate 

beakers.
The technique relies on adsorption – the various components of the 
mixture are adsorbed to diff erent extents on the stationary phase (solid 
particles of silica gel or alumina). The component with the greatest 
tendency to be adsorbed on the stationary phase travels most slowly 
through the column. A longer column produces better separation of the 
mixture but takes longer.

Column chromatography may be used for large-scale separation of a 
mixture. Each component is collected separately and can then be further 
processed. For instance, in a multi-stage preparation of a particular organic 
compound, the reaction mixture produced from the fi rst stage is passed 
through the column to isolate the compound required. This compound 

The process of the solvent and the 
components of the mixture passing 
through the column is called 
elution.

The diff erent components have 
diff erent retention times on the 
column.
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can then be used in further reactions to eventually produce the target 
molecule.

Column chromatography may be used for the separation of the 
pigments (chlorophylls, xanthophylls and carotenes) in grass and other 
green plants.

IZhi�ndjghZa[
 11 A mixture is to be separated using column 

chromatography. When the experiment is tried 
the fi rst time, there is some separation of the 
components, but the bands overlap. Suggest two 
changes that could give better separation.

 12 Calculate R f values for all the spots in Figure A36 
and state which colour substance is most soluble 
in the mobile phase.

<VhÄa^fj^Y�X]gdbVid\gVe]n��eVgi^i^dc�
Gas–liquid chromatography (GLC) is used for the separation of mixtures 
of gases, volatile liquids or volatile solids. This is a schematic diagram of a 
gas chromatograph:

=A

XVgg^Zg�\Vh

^c_ZXi�hVbeaZ

dkZc

Xd
aj
b
c

YZiZXidg

Vbea^[^Zg XdbejiZg

X]gdbVid\gVb

r� The sample is injected into a heated chamber, where it is vaporised.
r� An inert gas (e.g. nitrogen or helium), called the carrier gas, carries the 

sample through the column.
r� The column contains a non-volatile liquid (the stationary phase) spread 

onto the surface of fi nely divided solid particles.
r� A detector detects each component as it leaves the column. The 

detector may respond to, for example, changes in the thermal 
conductivity of the gas emerging (thermal conductivity detector), or a 
fl ame ionisation detector may be used. 

Separation is by partition. Separation thus depends on the solubility of 
the various components in the liquid phase. Those with higher solubility 
in the liquid stationary phase are slowed down in the column relative to 
those that are less soluble in the stationary phase.

Substances must vaporise without 
decomposition to be separated by 
GLC.
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29.4 Mass spectrometry
You have already seen how a mass spectrometer works 
(see page 3). Th e mass spectrum of an element can 
be used to measure relative isotopic masses and their 
relative abundances. Th is information is used to 
calculate relative atomic masses. However, the main 
use of mass spectrometry is in the identifi cation of 
organic compounds. As in other forms of spectroscopy, 
a substance can be identifi ed by matching its spectrum 
against the spectra of known substances stored in a 
database. Th is technique is known as ‘fi ngerprinting’.

In a mass spectrometer the sample is fi rst vaporised. 
When vapour from the sample enters the machine it 
is bombarded by high-energy electrons. Th is knocks 
electrons from the molecules and breaks covalent bonds, 
fragmenting the molecule. Figure 29.39 shows the mass 
spectrum produced by propanone.

For this method:
• the chromatogram must show peaks for all the 

components in the mixture
• all the components of the mixture must be separated
• the detector must respond equally to the diff erent 

components so that peak area is directly proportional to 
the component concentration.

Th e amount of each component in a mixture is found by 
expressing it as a percentage of the sum of the areas under 
all the peaks. For example, for a mixture of three esters A, 
B and C:

(approx.) % of ester  A

 
= peak area (or height) of A

sum of the areas (or heights) of  A, B and C
 100×

GLC is used in testing for steroids in competing athletes 
and for testing the fuels used in Formula One motor 
racing (Figure 29.38). It is also used for medical diagnosis 
in analysing blood samples. With GLC it is possible to 
determine the percentages of dissolved oxygen, nitrogen, 
carbon dioxide and carbon monoxide in blood samples as 
small as 1.0 cm3.

Figure 29.37 A gas chromatogram from a mixture of volatile organic 
compounds.

Figure 29.38 GLC is used to check that the components in the fuel used 
in Grand Prix cars conforms to strict regulations.

11 a For GLC separations explain:
i how retention time is measured
ii how the areas under the component 

peaks are used.
b What can you use as an approximate 

measure of the proportion of a 
component in a mixture from a GLC 
chromatogram which produces 
sharp peaks?
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types of chromatography�38
Table 13.8 summarises the different types of chromatography that we look at in 
this section.

Table 13.8 The different types of chromatography

Type Stationary phase Mobile phase Used for

Paper chromatography Paper Solvent rising up the 
paper

Separating mixtures to 
identify their components

Thin layer 
chromatography (TLC)

An adsorbent solid 
spread thinly on a 
metal or plastic plate

Solvent rising up the 
plate

Separating mixtures to 
identify their components

Column chromatography An adsorbent solid 
packed in a column

Solvent poured down 
the column

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

High performance liquid 
chromatography (HPLC)

An adsorbent solid 
packed in a column

Solvent forced through 
the column under 
pressure

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

Gas–liquid 
chromatography (GLC)

Organic liquid spread 
on surface of an 
unreactive column, 
heated in an oven

Unreactive gas forced 
through the column 
under pressure

Separating mixtures of 
gases or volatile liquids to 
identify their components

Thin layer chromatography (TLC)

Figure 13.35 shows a typical TLC set-up. The adsorbent solid on the plate is 
a very fine powder, giving a high surface area for adsorption. The adsorbent 
solid on the plate is often a thin layer of silicon(IV) oxide (silica, SiO2). 
As the solvent rises up the plate, the components get partitioned between 
the solid silica and the liquid solvent. Different components travel different 
distances.

Fig 13.35 A typical arrangement for thin layer chromatography

Thin layer of
adsorbent
coating – SiO2

Plate
(plastic or metal)

1
TLC plate is prepared
with a thin layer of
adsorbent coating

2
A small amount of the
sample in solution is
spotted on to the plate

3
The end of the TLC
plate is immersed in
a pool of solvent

Atmosphere within
the tank is saturated
with solvent vapour

Components
separate out
on plate

Solvent

Solvent
front

NOTE
There is a difference between 
adsorption and absorption. 
Adsorption occurs when a 
substance sticks to the surface 
of a solid. Absorption occurs 
when the substance is distributed 
throughout the solid, like water in 
a sponge.

TLC is an improvement on paper chromatography, because it is fast and 
gives clearer, sharper separation of the spots. It is used widely in research 
laboratories, for example to check the products of a reaction, or to see whether 
a product contains impurities.

DEFINITIONS
The stationary phase in 
chromatography is a solid or a 
liquid held on a solid support. 

The mobile phase is a liquid 
or gas that moves through the 
stationary phase.
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Table 13.8 summarises the different types of chromatography that we look at in 
this section.

Table 13.8 The different types of chromatography

Type Stationary phase Mobile phase Used for

Paper chromatography Paper Solvent rising up the 
paper

Separating mixtures to 
identify their components

Thin layer 
chromatography (TLC)

An adsorbent solid 
spread thinly on a 
metal or plastic plate

Solvent rising up the 
plate

Separating mixtures to 
identify their components

Column chromatography An adsorbent solid 
packed in a column

Solvent poured down 
the column

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

High performance liquid 
chromatography (HPLC)

An adsorbent solid 
packed in a column

Solvent forced through 
the column under 
pressure

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

Gas–liquid 
chromatography (GLC)

Organic liquid spread 
on surface of an 
unreactive column, 
heated in an oven

Unreactive gas forced 
through the column 
under pressure

Separating mixtures of 
gases or volatile liquids to 
identify their components

Thin layer chromatography (TLC)

Figure 13.35 shows a typical TLC set-up. The adsorbent solid on the plate is 
a very fine powder, giving a high surface area for adsorption. The adsorbent 
solid on the plate is often a thin layer of silicon(IV) oxide (silica, SiO2). 
As the solvent rises up the plate, the components get partitioned between 
the solid silica and the liquid solvent. Different components travel different 
distances.

Fig 13.35 A typical arrangement for thin layer chromatography
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Plate
(plastic or metal)

1
TLC plate is prepared
with a thin layer of
adsorbent coating

2
A small amount of the
sample in solution is
spotted on to the plate

3
The end of the TLC
plate is immersed in
a pool of solvent

Atmosphere within
the tank is saturated
with solvent vapour

Components
separate out
on plate

Solvent

Solvent
front

NOTE
There is a difference between 
adsorption and absorption. 
Adsorption occurs when a 
substance sticks to the surface 
of a solid. Absorption occurs 
when the substance is distributed 
throughout the solid, like water in 
a sponge.

TLC is an improvement on paper chromatography, because it is fast and 
gives clearer, sharper separation of the spots. It is used widely in research 
laboratories, for example to check the products of a reaction, or to see whether 
a product contains impurities.

DEFINITIONS
The stationary phase in 
chromatography is a solid or a 
liquid held on a solid support. 

The mobile phase is a liquid 
or gas that moves through the 
stationary phase.
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Table 13.8 summarises the different types of chromatography that we look at in 
this section.

Table 13.8 The different types of chromatography

Type Stationary phase Mobile phase Used for

Paper chromatography Paper Solvent rising up the 
paper

Separating mixtures to 
identify their components

Thin layer 
chromatography (TLC)

An adsorbent solid 
spread thinly on a 
metal or plastic plate

Solvent rising up the 
plate

Separating mixtures to 
identify their components

Column chromatography An adsorbent solid 
packed in a column

Solvent poured down 
the column

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

High performance liquid 
chromatography (HPLC)

An adsorbent solid 
packed in a column

Solvent forced through 
the column under 
pressure

Separating mixtures to 
identify their components. 
Using the separated 
components for further 
chemical reactions

Gas–liquid 
chromatography (GLC)

Organic liquid spread 
on surface of an 
unreactive column, 
heated in an oven

Unreactive gas forced 
through the column 
under pressure

Separating mixtures of 
gases or volatile liquids to 
identify their components

Thin layer chromatography (TLC)

Figure 13.35 shows a typical TLC set-up. The adsorbent solid on the plate is 
a very fine powder, giving a high surface area for adsorption. The adsorbent 
solid on the plate is often a thin layer of silicon(IV) oxide (silica, SiO2). 
As the solvent rises up the plate, the components get partitioned between 
the solid silica and the liquid solvent. Different components travel different 
distances.

Fig 13.35 A typical arrangement for thin layer chromatography
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NOTE
There is a difference between 
adsorption and absorption. 
Adsorption occurs when a 
substance sticks to the surface 
of a solid. Absorption occurs 
when the substance is distributed 
throughout the solid, like water in 
a sponge.

TLC is an improvement on paper chromatography, because it is fast and 
gives clearer, sharper separation of the spots. It is used widely in research 
laboratories, for example to check the products of a reaction, or to see whether 
a product contains impurities.

DEFINITIONS
The stationary phase in 
chromatography is a solid or a 
liquid held on a solid support. 

The mobile phase is a liquid 
or gas that moves through the 
stationary phase.
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