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13 Analysis
Chromatography
Chromatography is an analytical technique that involves the small-scale
separation of components within a mixture. All types of chromatography
contain a stationary phase and a mobile phase.

Table 13.1
TLC

Separation by relative
solubility (partition) is
achieved when solutes
are not equally soluble in
the mobile and stationary
phases. An equilibrium is
set up between the mobile
and stationary phases.
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Different types of chromatography, for example thin-layer
chromatography (TLC) and gas chromatography (EC), separate the
components in a mixture by either adsorption or by relative solubility
(partition), TLC and EC are summarised in Table 13.1.

Adsorption If the stationary
phase is a solid, separation
depends on the adsorption
of each component onto the
surface of the stationary
phase.

GC

Stationary phase

The thin layer

The packing in the column

Mobile phase

The solvent

The gas

Separation by

Adsorption

Measurements

Qualitative

Interpretation

Use Rf values

Either adsorption or relative
solubility*
Qualitative and quantitative

Use retention times

*depends on whether or not the stationary phase in the column is a liquid or solid

TLC plate

m

Thin-layer chromatography (TLC)
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Beaker

Pencil line

Spot of
mixture

Solvent

Figure 13.1 Apparatus for thin-layer chromatography

The components in a mixture can be identified by using Rf values.
R f stands for ‘retardation factor’ and is measured by using the equation:
Rf

distance moved by spot/solute
distance moved by solvent

Distance travelled
by the solvent

The Rf value is the distance
moved by a component
divided by the distance
moved by the solvent
(Figure 13.2).

Distance travelled
by the three spots

Figure 13.2 Example of a TLC plate showing the distances moved by
the solvent and components of a mixture
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The time between the injection of the sample and the emergence of a
component from the column is called the retention time. Retention time
depends on volatility of the solute and the relative solubility of the solutes
in the mobile and stationary phases.
The area underneath each peak gives an indication of the relative
amounts of each component. The relative amounts of the components
can be estimated by assuming that the peak is a triangle and by using the
equation:

13 Analysis

Gas chromatography (GC)
Retention time is the time
taken from the injection of
the sample for a component
to leave the column.

area = base × ½ height

If the peak is very narrow it is sufficient to estimate the amount by
measuring the height of the peak.
Peak areas are now measured automatically and
relative peak areas can be calculated.
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The area under each peak is measured and can be expressed as
either a percentage peak area or as a relative
peak area. The calculations for the six peaks in
Table 13.2
the chromatogram in Figure 13.3 are shown in
Table 13.2.

Area
of peak

% area
of peak

1

2 200

7.36

2.13

2

6 500

21.75

6.30

3

5 140

17.20

4.98

4

2 769

9.27

2.69

5

12 240

40.96

11.87

6

1 032

3.45

1.00

Peak

Response

5

2
3

4

m

1

6

Figure 13.3 Example of a gas chromatogram

Time

Total area
of all peaks

Relative
peak areas

29 881
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Analysis by chromatography has its limitations, in that similar compounds
often have similar R f values or similar retention times. It is likely that in
a mixture of gases such as methane, ethane, propane and butane some of
the peaks would overlap. These limitations have been largely overcome
by coupling GC with mass spectrometry.

GC–MS

The combination of gas chromatography and mass spectrometry provides
a powerful analytical tool that is used widely in areas such as forensics,
environmental analysis, airport security, food and drink analysis and in
medical applications.
The components in a mixture are separated by gas chromatography and
then each component is analysed separately by mass spectrometry. The
component is vaporised and then ionised. The process of fragmentation
was outlined in Module 4.
Even in simple molecules there are a large number of lines in the mass
spectrum. The combination of the lines and their size is specific to
the individual compound — the fragmentation peaks are said to be a
fingerprint of the molecule. This fingerprint can be cross-matched
against a computer database to identify the compound.

Exam tip
Remember that it is a
positive gaseous ion that
is detected in a mass
spectrometer. If, for
example, you are asked to
identify the ion responsible
for the peak at m/z = 15, the
answer is CH3+(g), not CH3+
or CH3(g) or CH3.
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Functional groups can be identified by simple qualitative tests. These ‘wet
tests’ are summarised in Table 13.3.
Table 13.3 Tests for organic functional groups
Test

Observation

Conclusions

pH of solution
(add litmus)

Red

Carboxylic acid or phenol

Br2

Decolorises
and/or
white ppt

Alkene, phenol or phenylamine

Na

Gas (H2) given off, bubbles, fizzes

Carboxylic acid or phenol or
alcohol

Na2CO3

Gas (CO2) given off, bubbles,
fizzes

Carboxylic acid

AgNO3(aq)/ethanol
in water bath at about 60 °C

White ppt
Cream ppt
Yellow ppt

Chloroalkane
Bromoalkane
Iodoalkane

Orange ppt

Aldehyde or ketone

Silver mirror

Aldehyde

Orange to green

Primary alcohol, secondary
alcohol or aldehyde

White fumes of HCl

Acid chloride

Smell of NH3 gas (which turns
litmus blue)

Amide

2,4DNPH
Tollens reagent
Ag+(NH3)2
Heat with H+/Cr2O72–
Water
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Warm with NaOH
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Tests for organic functional groups

There is no simple test for an ester. Esters are detected by first eliminating all other functional groups.
Smell is not accepted as a chemical test.

Spectroscopy
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NMR spectroscopy

NMR spectroscopy involves the interaction of nuclei with radio waves,
which are at the low-energy end of the electromagnetic spectrum.
If the nucleus of an atom contains an odd number of protons and/or
neutrons, the nucleus has a net nuclear spin that can be detected by using
radio frequency — for example, 1H and 13C can both be detected.
The nucleus behaves like a tiny bar magnet and as it spins it generates
a magnetic moment. Adjacent nuclei also have magnetic moments.
Therefore, each nucleus is affected by neighbouring nuclei. The frequency
at which each nucleus absorbs radio waves depends on its environment.

If the nucleus of an atom contains an even number of protons and an
even number of neutrons the nucleus does not have a net nuclear spin and
cannot be detected by using radio frequency — for example, 12C and 16O
cannot be detected.
H and 13C both absorb energy in the radio-wave part of the spectrum.
However, the frequency of the radio waves absorbed depends on the
surrounding atoms, i.e. the exact frequency absorbed depends on the

1
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TMS is used as a standard because:
l it is chemically inert and does not react with the sample
l it is volatile and easy to remove at the end of the procedure
l it absorbs at a higher frequency than other organic compounds
Therefore, its mass spectrum does not overlap with that of the sample.

Proton (1H) NMR spectroscopy

You do not have to learn the
chemical shift values of any
of these peaks. All relevant
absorptions for 1H-NMR
and 13C-NMR are listed
in the Data Booklet, which
you will be given in the
examination. However, it is
essential that you are able to
recognise different chemical
environments.
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Ethanol, C2H5OH, contains six hydrogen atoms, but they are not all
identical.
l The three hydrogens in the CH3 group are all in the same environment
and are labelled Ha.
l The two hydrogens in the middle CH 2 group (labelled H b) are in the
same environment and are labelled Hb.
l The hydrogen in the OH group is different from all of the rest and is
labelled Hc(Figure 13.4).

Exam tip

H

So the six hydrogens in ethanol are in three different environments.
Therefore, the 1H-NMR spectrum of ethanol contains three different
peaks (Ha, Hb and Hc) with different chemical shifts (Figure 13.5).
Proton NMR of ethanol

3

Ha

1
Inteqration trace 2

m

Hb

13 Analysis

chemical environment. This variation in the frequency absorbed is
the key to the determination of structure. It is known as the chemical
shift, d. All absorptions are measured relative to TMS, tetramethylsilane,
(CH3)4Si. The chemical shift, d, of TMS is set at zero.

Ha

H

H

C

C

H

H

Ha

Hb

C

C

Ha

Hb

OH

OHc

Figure 13.4 Ethanol contains
hydrogens in three different
environments
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Figure 13.5 1H-NMR spectrum of ethanol

The three peaks are of different sizes and may be split. The relative size of
each peak ref lects the number of hydrogens in each environment:
l Ha — there are three hydrogens in this environment.
l H b — there are two hydrogens in this environment.
l Hc — there is one hydrogen in this environment.
It follows that the relative intensity of the peaks Ha, Hb and Hc is 3:2:1.

The hydrogens attached to one carbon atom inf luence the hydrogens on
adjacent carbon atoms. This is called the spin–spin splitting pattern.
The easiest way to predict the splitting pattern is to count the number of
hydrogens on the adjacent carbon atoms and then use the ‘n + 1’ rule,
where n is the number of hydrogens on the adjacent carbon atoms.
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