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Thin Layer Chromatography 
Introduction 
 
Chromatographic separations take advantage of the fact that different substances are 
partitioned differently between two phases: a mobile phase and a stationary phase.  
In thin layer chromatography, or TLC, the mobile phase is a liquid and the stationary 
phase is a solid absorbent. 
TLC can be used for identifying components in a sample, and for preparative purposes. 
 
Theory of Thin Layer Chromatography 
 
In thin layer chromatography, a solid phase, the adsorbent, is coated onto a solid 
support as a thin layer (about 0.25 mm thick). In many cases, a small amount of a binder 
such as plaster of Paris is mixed with the absorbent to facilitate the coating. Many 
different solid supports are employed, including thin sheets of glass, plastic, and 
aluminium. There are precoated thin layer plates, and plates you can coat yourself. 
The mixture (A plus B) to be separated is dissolved in a solvent and the resulting 
solution is spotted onto the thin layer plate near the bottom, next to the reference 
substances. 
A solvent, or mixture of solvents, called the eluent, moves up the plate by capillary 
action. 
At all times, the solid will adsorb a certain fraction of each component of the mixture and 
the remainder will be in solution. Any one molecule will spend part of the time sitting still 
on the adsorbent with the remainder moving up the plate with the solvent. 
A substance that is strongly adsorbed (say, A) will have a greater fraction of its 
molecules adsorbed at any one time, and thus any one molecule of A will spend more 
time sitting still and less time moving. In contrast, a weakly adsorbed substance (B) will 
have a smaller fraction of its molecules adsorbed at any one time, and hence any one 
molecule of B will spend less time sitting and more time moving.  
Thus, the more weakly a substance is adsorbed, the farther up the plate it will move. 
The more strongly a substance is adsorbed, the nearer it will stay to the origin. 
Several factors determine the efficiency of a chromatographic separation. The adsorbent 
should be as selective as possible towards the components of the mixture so that the 
differences in rate of elution will be large. For the separation of any given mixture, some 
adsorbents may be too strongly adsorbing or too weakly adsorbing.  
The eluting solvent should also show a maximum of selectivity in its ability to dissolve or 
desorb the substances being separated. The fact that one substance is relatively soluble 
in a solvent can result in its being eluted faster than another substance.  
However, a more important property of the solvent is the ability of itself to be adsorbed 
on the adsorbent. If the solvent is more strongly adsorbed than the substances being 
separated, it can take their place on the adsorbent and all the substances will flow 
together. If the solvent is less strongly adsorbed than any of the components of the 
mixture, its contribution to different rates of elution will be only through its difference in 
solvent power toward them. If, however, it is more strongly adsorbed than some 
components of the mixture and less strongly than others, it will greatly speed the 
elution of those substances that it can replace on the absorbent, without speeding the 
elution of the others. 
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Mixtures of solvents can be used and, since increasing eluting power results mostly from 
preferential adsorbtion of the solvent, addition of only a little (0.5-2%, by volume) of a 
more strongly adsorbed solvent will result in a large increase in the eluting power. 
Because water is among the most strongly adsorbed solvents, the presence of a little 
water in a solvent can greatly increase its eluting power. 
For this reason, solvents to be used in chromatography should be quite dry. The 
particular combination of adsorbent and eluting solvent that will result in the acceptable 
separation of a particular mixture can be determined only by trial. 
 
If the substances in the mixture differ greatly in adsorbancy, it will be much easier to 
separate them. 
Often, when this is so, a succession of solvents of increasing eluting power is used. One 
substance may be eluted easily while the other stays at the top of the column, and then 
the other can be eluted with a solvent of greater eluting power.  
 
Gradient elution (changing the composition of the eluent during development of the 
plate) is also possible in TLC, but advanced equipment is needed. 
 
Technique of Thin-layer Chromatography 
 
The sample is applied to the layer of adsorbent, near one edge, as a small spot of a 
solution.  
Apply the sample. After the solvent has evaporated, the adsorbent-coated sheet is 
propped more or less vertically in a closed container, with the edge to which the spot 
was applied down. The spot on the thin layer plate must be positioned above the level of 
the solvent in the container (see below). If it is below the level of the solvent, the spot 
will be washed off the plate into the developing solvent. The solvent, which is in the 
bottom of the container, creeps up the layer of adsorbent, passes over the spot, and, as 
it continues up, effects a separation of the materials in the spot ("develops" the 
chromatogram). When the solvent front has nearly reached nearly the top of the 
adsorbent, the thin layer plate is removed from the container. 
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Position of the spot on a thin layer plate. 
Since the amount of adsorbent involved is relatively small, and the ratio of adsorbent to 
sample must be high, the amount of sample must be very small, usually much less than 
a milligram. For this reason, thin-layer chromatography (TLC) is usually used as an 
analytical technique rather than a preparative method.  
With thicker layers (about 2 mm) and large plates with a number of spots or a stripe of 
sample, it can be used as a preparative method. The separated substances are 
recovered by scraping the adsorbent off the plate (or cutting out the spots if the 
supporting material can be cut) and extracting the substance from the adsorbent. 
 

 
 
TLC plate showing distances travelled by the spot and the solvent when the solvent front 
has nearly reached the top of the adsorbent. 
 
 
Because the distance travelled by a substance, relative to the distance travelled by the 
solvent front, depends upon the molecular structure of the substance, TLC can be used 
to identify substances as well as to separate them.  
The relationship between the distance travelled by the solvent front and the substance is 
usually expressed as the Rf  value: 
 

front solventby   travelled  distance

substanceby    travelled  distance
 =Rf  

 
The Rf values are strongly dependent upon the nature of the adsorbent and solvent. 
Therefore, experimental Rf values and literature values do not often agree very well. In 
order to determine whether an unknown substance is the same as a substance of known 
structure, it is necessary to run the two substances side by side in the same 
chromatogram, preferably at the same concentration. 
 
 
Application of the Sample 
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The sample to be separated is generally applied as a small spot (1 to 2 mm diameters) 
of solution about 1 cm from the end of the plate opposite the handle. The addition may 
be made with a micropipette prepared by heating and drawing out a melting point 
capillary. As small a sample as possible should be used, since this will minimize tailing 
and overlap of spots; the lower limit is the ability to see the spots in the developed 
chromatogram. If the sample solution is very dilute, make several small applications in 
the same place, allowing the solvent to evaporate between additions.  
Do not disturb the adsorbent when you make the spots, since this will result in an 
uneven flow of the solvent. The starting position can be indicated by making a small 
mark near the edge of the plate. 
 
Development of thin layer plates 
 
The chamber used for development of the chromatogram can be as simple as a beaker 
covered with a watch glass, or a cork-stoppered bottle. The developing solvent (an 
acceptable solvent or mixture of solvents must be determined by trial) is poured into the 
container to a depth of a few millimetres. The spotted plate is then placed in the 
container, spotted end down; the solvent level must be below the spots. 
The solvent will then slowly rise in the adsorbent by capillary action. 
In order to get reproducible results, the atmosphere in the development chamber must 
be saturated with the solvent. This can be accomplished by swirling the solvent around 
in the container before any plates have been added. The atmosphere in the chamber is 
then kept saturated by keeping the container closed all the time except for the brief 
moment during which a plate is added or removed.  
 
 
Observation 
 
When the solvent front has moved to within about 1 cm of the top end of the adsorbent 
(after 15 to 45 minutes), the plate should be removed from the developing chamber, the 
position of the solvent front marked, and the solvent allowed to evaporate.  
If the components of the sample are coloured, they can be observed directly. If not, they 
can sometimes be visualized by shining ultraviolet light on the plate or by allowing the 
plate to stand for a few minutes in a closed container in which the atmosphere is 
saturated with iodine vapour. Sometimes the spots can be visualized by spraying the 
plate with a reagent that will react with one or more of the components of the sample. 
 
General preparation of materials 
 
• The thin layer chromatography plates can be commercially pre-prepared  
          
      Small precoated plates    
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or self made  plates with a silica gel layer on a glass, plastic, or aluminium backing. 
   The thin layer is prepared by spreading an aqueous slurry of the solid phase onto the  
   clean surface of the solid support with the help of a coater.  
                                     
                                            Plate coater 

                
   
   The plate is then allowed to stand to dry in racks, and may be heated for some time in  
   an oven. 
       Drying racks                          

                              
                                                
 
   Use the wide plates for spotting several compounds on the same plate. This allows for  
   a more precise comparison of the behaviour of the compounds. 
• The samples are spotted on the thin layer plates using fine capillaries drawn from  
  melting point capillaries or small pipettes, or ‘ready to use ‘ capillaries. 
  You will need several spotters. 
 

Disposable glass capillaries and graduated    
micropipettes    
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• Samples and reference substances for spotting are prepared by dissolving  
  approximately 0.1 g (the amount on the tip of a spatula) of the compound in less than  
  0.5 mL of a solvent . 
• When spotting samples on the TLC plates, you can use a multipurpose spotting device  
   or an automatic TLC sampler. 
    
  Multipurpose spotting device  Automatic TLC sampler 

                              
         
 
  
• The chromatograms are developed in chromatography tanks that contain the 
developing solvent.  An automated multiple development method can be used when 
gradient elution is needed. 
 
   Tanks :  Saturation Pads are 20 x 20 cm sheets of thick filter paper that line 
  the inner walls of a developing tank and are used for saturating the  
  chamber atmosphere with solvent vapours.  
 
 
        Chromatography tanks 
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  Sandwichroom :  Interaction between a layer, dry or wetted, and the gas phase 

can be largely suppressed by a counter plate arranged at a  
small distance opposite the layer. This is called sandwich  
configuration, which can be established in the horizontal  
developing chamber and in the automatic developing  
chamber. 

 
  Automated multiple development method : reproducible gradient elution with silica
         gel as the stationary phase. 
 
        Equipment for gradient elution  
 

          
 
• When the plates are removed from the developing solvent, the position of the solvent  
  front is marked, and the solvent is allowed to evaporate. 
  The positions of the spots can be determined by several methods: 
  1. spraying with iodine or sulphuric acid, to yield dark spots; 
  2. spraying with specific reagents, like ninhydrin for amino acids; 
  3, placing the plates under a short wavelength ultraviolet lamp. Fluorescent material is  
      incorporated in the stationary phase ; where there are compounds on the plates, the  
      fluorescence is quenched and dark purple spots appear. 
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UV lamp 
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Further information: 
 
Internet websites : 
 
http://www.camag.com 
http://orgchem.colorado.edu/hndbksupport/TLC/TLC.html 
http://www.indiana.edu/~orgchem/movies/complt.mov 
http://orgchem.colorado.edu/hndbksupport/TLC/TLCprocedure.html 
http://www.wellesley.edu/Chemistry/chem211lab/Orgo_Lab_Manual/Appendix/Techniqu
es/TLC/thin_layer_chrom.html 
http://www.usm.maine.edu/~newton/TANES/TLC.HTML 
http://www.esslab.com/assets/applets/mctlccatalog.pdf 
 
Online textbook : 
 
http://www.chromatography-online.org/ 
 
Reference textbooks: 
 
B. FRIED, J. SHERMA: Thin-Layer Chromatography, Fourth Edition,  
revised and expanded, Marcel Dekker Inc., New York - Basel, 1999, 499 pages,  
ISBN 0-8247-0222-0. 
 
 
 


