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Mikhail Tswett
Russian Botanist

(1872-1919)

Invention of Chrommatography (1910)



• Glass column filled with stationary phase 
(silica, aluminum oxide, sugars and sugar 
polymers, cellulose)

• Mixture of analytes is applied to the column 
head and eluted with solvents of different 
polarity

• Analytes are separated into zones.

• Tswett separated pigments and got colored 
zones (chromatography)

Principle of Chromatography



1931: 
Richard Kuhn and Edgar Lederer 
demonstrated the applicability of 
this method to purify compounds 
(e.g. vitamine B2).

Richard Kuhn

Development



Richard L. M. Synge 

Richard L.M. Synge und Archer J.P. Martin 
Kieselgel standardized silica gel as stationary 
phase for column chromatography.

Silica seved as adsorbens for water (stationary 
phase). The mobile phase is a mixture of 
organic solvents that do not mix with water.

The bad reproducibility of this method led to 
the establishment of paper chromatography 
in the 40ies.

Synge and Martin postulated the applicability 
of gases as mobile phases

Archer J.P. Martin 

Development



Paper Chromatography



TLC originally was described by the Russion chemists Maria Schraiber 
und Nikolai Izmailov in 1938. 

Thin Layer Chromatography (TLC)



Das Potential dieser Methode wurde 
jedoch erst von Egon Stahl realisiert, 
der seine eingehenden Studien 1965 in 
einem Buch veröffentlichte.

Thin Layer Chromatography (TLC)



Thin Layer Chromatography (TLC)



Thin Layer Chromatography (TLC): Chamber Saturation



Thin Layer Chromatography (TLC): Eleuotropic Sequence



254 nm 366 nm

Thin Layer Chromatography (TLC): Detection 1

UV



Anis aldehyd-sulphuric acid

Thin Layer Chromatography (TLC): Detection 2

Chemcal derivatisation



Bioautography

Thin Layer Chromatography (TLC): Detection 3



● Absorption                               
Pore structure of stationary phase 

● Partition                              
between mobile and stationary 
liquid

Separation on silica



HPLC-DAD

HPLC (High Performance Liquid Chromatography)



Column chromatography Gravity       200-500 µm 

Thin layer chromatography Capillary force          20 µm

Middle pressure liquid chromatography 1-10 bar            15-60 µm

High pressure liquid chromatography 100-300 bar                 1-5 µm

Stationary phases: partice size



HPLC columns



HPLC columns: stationary phases

Straight phase

Reversed phase C18

Reversed phase C8

Phenol phase
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HPLC columns: selectivity



HPLC columns: effect of pH



Partikelgröße der stationären Phase

UV-Diode Array (DAD)

Refractive index

Fluorescence D.

Electrochemical D. 

ConductivityLight scattering

HPLC: various detectors



Electrospray Ionisation 
(ESI)
Ionisation in the liquid phase

Positive CI:

Negative CI: CI: Chemical Ionisation

Atmospheric Pressure Chemical Ionisation 
(APCI)
Ionisation in the gas phase at 400°C

HPLC: mass selective detectors



HPLC 
Säulen

Mass spectrometers: Quadrupol



Variable electric fields allow to focus
ions of variable m/z ratio.

Mass spectrometers: Ion trap



Mass spectrometers: Ion trap, MSn



1944: Fritz Prior und Erika Cremer

Gas Chromatography (GC)



Gas Chromatography (GC)



packed capillary

Gas Chromatography (GC): Columns



Capillary columns



Column types for gas chromatography



Detectors for gas chromatography



Split-Splitless On-column

Inlets for gas chromatograps



Static Headspace
10–60 min,
Room temperature

Fibers:

DVB/CAR/PDMS
(Divinylbenzene,
Carboxen,
Polydimethylsiloxan)

SPME
SPME (solid phase microextraction)
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Dervatisation of analytes
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TMS diether of 
falcarindiol
(MSTFA)

Dervatisation of analytes
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Oximierung reduziert die Anzahl der 
bei GC Trennungen erhaltenen Peaks.

Special dervatisation of sugars: Oximation



Tentative identification by comparison with MS libraries



Electron Impact (EI) Ionization



GC HPLC

Temperature Gradient constant

Mobile phase constant Gradient

Stationary phase Film Column 
packing

GC – HPLC: Comparison
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