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03.17 Chromatographic separation procedures: gas chromatography

Principle and tasks
Chromatographic procedures allow a
separation of substance mixtures with
the aid of a stationary separation phase
and a mobile phase. In gas chromato-
graphy the mobile phase is a gas which
transports the substance through the
separation column at a constant flow
rate. The establishment of equilibria
between the stationary phase and the
different substances results in differ-
ent migration rates of the individual
components. At the end of the column
a thermal conductivity cell detects the
different substances on the basis of
their differing thermal conductivities.

A mixture of butane gases and a two-
component mixture consisting of
ethanol and ethyl acetate are separat-
ed and identified chromatographically.

Gas chromatographic separation of a mixture of butane gases.

Cobra3 Chem-Unit 12153.00 1
Power supply 12V/2A 12151.99 1
Data cable, RS232 14602.00 1
Software Cobra3 Chem-Unit 14520.61 1
Connecting cable, l = 250 mm, red 07360.01 1
Connecting cable, l = 250 mm, blue 07360.04 1
Control unit for gas chromatography 36670.99 1
Measuring probe for gas chromatography 36670.10 1
Glass jacket 02615.00 1
Gas separation column 36670.00 1
Rubber caps 02615.03 1
Soap bubble flow meter 36675.00 1
H-base -PASS- 02009.55 1
Support rod, l = 750 mm 37692.00 2
Right angle clamp 37697.00 6
Universal clamp 37715.00 6
Microliter syringe, 10 ml 02607.00 1
Syringe, 1 ml 02593.03 1
Cannula, 0.45 mm�12 mm 02598.04 1
Glass tube, straight, l = 80 mm 36701.65 1
Laboratory thermometer, -10…+100°C 38056.00 1
Stop watch, digital, 1/100 s 03071.01 1
Steel cylinder, helium, 2 l, filled 41776.00 1
Table stand for 2 l gas cylinder 41774.00 1
Reducing valve for helium 33481.00 1
Wrench for steel cylinders 40322.00 1
Immersion thermostat, 100°C 46994.93 1
Accessory set for immersion thermostat 46994.02 1
Bath for thermostat, 6 l, Makrolon 08487.02 1
Rubber tubing, vacuum, di = 6 mm 39286.00 2
Rubber tubing, di = 6 mm 39282.00 6
Hose clip, d = 8…12 mm 40995.01 7
Hose clip, d = 12…20 mm 40996.01 2
Gas bar 40466.00 2
Laboratory balance, with data output, 620 g 45023.93 1
Round bottom flask, 500 ml, IGJ 29/32 35862.00 1
Adapter, IGJ 29 to GL 18/8 35678.02 1
Ground joint collar, IGJ 29 43617.00 1
Glass stopper, IGJ 29/32 41256.10 1
Trough, 150�150�65 mm 33928.00 1
Water jet pump 02728.00 1
Security bottle with manometer 34170.88 1
Spoon with spatula end, l = 150 mm 33398.00 1

What you need:

Chemical equilibrium LEC 03

What you can learn about

� Chromatography
� Chromatogram
� Thermal conductivity detector
� Nernst’s law of distribution
� Number of theoretical trays

Funnel, glass, do = 55 mm 34457.00 1
Snap-cap vials 33621.03 2
Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Glass beaker, 150 ml, tall 36003.00 2
Laboratory pencil, waterproof 31773.03 1
Fine control valve 33499.00 1
Compressed gas, n-butane 41773.11 1
Compressed gas, iso-butane 41773.12 1
Quartz glass wool, 10 g 31773.03 1
Chromosorb, PAW, 80/100 mesh, 20 g 31514.04 1
Dinonylphthalate, 100 ml 31276.10 1
Acetone, 250 ml 30004.25 1
Ethyl alcohol, absolute, 500 ml 30008.50 1
Ethyl acetate, 250 ml 30075.25 1
Butane burner Labogaz 206 32178.00 1
Butane cartridge C 206 47535.00 1
Water, distilled, 5 l 31246.81 1
Soap solution • Drying oven • PC, Windows® 95 or higher
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The chromatographic separation of the mixture of ethanol and
ethyl acetate was carried out under the following conditions:

Column temperature: 80¡C
Carrier gas flow rate: 30 ml/min, helium

Composition of the mixtures analysed:
Fig. 17: 5 µl mixture (ethanol/ester = 1/1)
Fig. 18: 4 µl mixture + 2 µl ester

If gas chromatographic separations took place strictly according
to the height of the boiling points, then a substance with a lower
boiling point would have to be eluted from the column before a
substance with a higher boiling point. As we see in this example,
however, ethyl acetate clearly leaves the column after ethanol,
although it has a boiling point that is 1.44 K below that of ethanol
(boiling points, ethyl acetate 77.06¡C, ethanol 78.5¡C).
Therefore gas chromatography allows to separate mixtures into
their individual components which cannot be separated by dis-
tillation, such as azeotropic mixtures or mixtures of substances
whose boiling points are very similar. The quality of the separa-
tion can be distinctly improved by alterations in the conditions
(separating medium, temperature, carrier gas flow rate, etc.).

Remarks
The use of gas chromatographs to separate mixtures of gases is
a well proven method in analytical work. They can separate even
extremely small portions of mixtures into their components, for
them to be recognised by suitable detectors. In the experiments
described here, a gas chromatograph is used that can be easily
assembled from the individual parts, and so has the particular

benefit, that the construction and functioning of all the essential
parts of a gas chromatograph can be made understandable to
the students. The detection (display, recognition) is achieved
here by means of a measuring probe based on an NTS resistor.
It recognises the separated gas fractions by their different heat
conductances. The signals emitted pass further via a control unit
with measurement amplifier to an analog measurement input of
the Cobra3 interface, and then are plotted and evaluated. The
separating column (order no.: 36670.00) used in this gas chro-
matograph is filled with dinonylphthalate on kieselguhr as sepa-
rating medium (stationary phase), according to the directions
given above. Although this separating column could be used
alone to separate mixtures, its insertion in the glass jacket is
always recommended, so that it can be kept at constant tem-
perature by the circulating thermostat.
This is important, as the positions of the peaks of the sub-
stances (retention times) are strongly dependent on the temper-
ature, among other factors, and fluctuating temperatures lead to
very unsteady base lines. Helium can be used as carrier gas
(mobile phase) in this gas chromatograph. The helium flow rate
can be adjusted and monitored by use of a very simple soap
bubble flow meter.
The composition of the gas in the cartridge for the burner (camp-
ing gas or cigarette lighter gas) is subject to fluctuation. There
may be no propane in it, or it may only consist of n-butane. The
composition of the cartridge available should therefore be test-
ed before using the gas for a demonstration experiment.
This is not the place to discuss the theory of gas chromatogra-
phy. This experiment is intended merely to vividly demonstrate
its principles. More exact and extensive descriptions of these
principles are to be found in the appropriate technical literature.
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