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Thin-layer chromatography or TLC is a solid-liquid form of chromatography where the 

stationary phase is normally a polar absorbent and the mobile phase can be a single solvent or 

combination of solvents. It is gradually replaced paper chromatography and resembles column 

chromatography, where the solvents (eluents) flow down through the column’s adsorbent. 

However, unlike column chromatography, it is a quick, easy to use, sensitive, and inexpensive 

technique that only requires a few micrograms of sample for one successful analysis. Solvents 

used in the TLC techniques are unhazardous and has no requirement of sophisticated 

instruments. It is commonly used to determine the number of components in a mixture, verify the 

identity and purity of a compound, monitor the progress of a reaction, determine the solvent 

composition for preparative separations, and to analyze the fractions obtained from column 

chromatography.  

Like all forms of chromatography, it involves a dynamic and rapid equilibrium of molecules 

between the two phases (mobile phase and stationary phase). Usually, it is composed of 

stationary phase and mobile phase, which are performed on a sheet of solid surface such as glass, 

plastic, aluminum foil that is coated with absorbent material such as silica powder, aluminum 

oxide and cellulose, which is called as stationary phase. Mobile phase may consist of single or 

mixture solvents depending on extracts to separate. This mobile phase is drawn up through the 

stationary phase by capillary action allowing separation of various compounds on the basis of 

their solubility and retardation in stationary phase and mobile phase. However, it differs from all 

other chromatographic techniques in the fact that a gas phase is present, which can influence the 

results of separation significantly. Between the components of the mobile phase and its vapor, 

equilibrium will be established gradually (also called chamber saturation). The part of the 

stationary layer that is already wetted with mobile phase also contributes to the formation of the 

equilibrium. Separation is achieved by competition of the solute molecules and the mobile phase 

for binding places on the stationary phase. The most common stationary phase used is a silica gel 

which is polar in nature. In case, if two compounds in extracts have different polarity, highly 

polar compound will have strong interaction with silica and separated out initially in no time. 

Fewer polar compounds will separate in second position that has little interaction with stationary 

phase. On contrary, nonpolar compound will separate last, which would have non interaction 

with the stationary runs a longer distance on the plate. 

Principles of TLC 

Principle of TLC works on a solubility rule “Like Dissolves Like” and is followed on separation 

of mixture of polar, nonpolar, mid polar compounds from the extracts on a static phase (silica 

gel) and movable phase or combination of movable phase such as ethyl acetate, chloroform, 

hexane, and methane that runs on static phase. Crude extract (mixture of compounds) is spotted 

at 1cm position from the bottom of TLC plate using a capillary spotter. The plate allowed to 

develop in developing chamber with a suitable movable phase or combination of movable phase, 

which is of appropriate level well below the spotted sample applied. The mobile phase is drawn 

up through the stationary phase by capillary action. Few compounds in mixture would dissolve 

in mobile phase and goes up the plate conversely, while some compounds in mixture remain on 

the stationary phase. The movement of compounds from the mixture relies on the physical 

properties, molecular structure, and functional groups. After, the TLC performed, an Rƒ value 
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that is “retardation factor” or “ratio to front”, can be calculated by observing spots on TLC plates 

under UV transilluminator at 365nm by using following formula; 
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The compounds traveled from origin and distance traveled by solvent front is noted. Identical 

molecules will invariably travel the equivalent distance under similar temperature, solvent 

system and stationary phase. However, the molecules traveled at same position always may no 

longer be the identical compound. Supplementary supporting data is needed before coming to the 

conclusion. 

 

Components of TLC 

As shown in figure above, the thin layer chromatography (TLC) system consists of following 

components;  

TLC plates:  These are stable and chemically inert plates, where a thin layer of stationary phase 

is applied on its whole surface layer. The stationary phase on the plates is of uniform thickness 

and is in a fine particle size. It consists of a finely divided adsorbent, silica (SiO2) or alumina 



3 | P a g e  

 

(Al2O3) powder, used in the form of a thin layer (about 0.25 mm thick) on a supporting material. 

The support is usually a sheet of glass or metal foil.  

Chromatographic adsorbents 

Most strongly adsorbent Alumina  Al2O3 

Charcoal  C 

Florisil  MgO/SiO2 (anhydrous) 

Least strongly adsorbent  Silica gel SiO2 

The order in the table is approximate, since it depends upon the substance being adsorbed and the solvent used for elution. 

Upon dipping into the mobile phase, the compounds along with mobile phase moves upward to 

the TLC plate. This movement of compound with the mobile phase or solvent is referred to as 

elution and the solvents used are eluting solvents. This overall procedure of elution through 

TLC is referred to as "developing" the TLC plate. When the solvent front has nearly reached the 

top of the stationary phase, the plate is removed from the container, and the solvent front is 

marked with a pencil. 

TLC chamber: It is used for the development of TLC plate. The chamber maintains a uniform 

environment inside for proper development of spots. It also prevents the evaporation of solvents, 

and keeps the process dust free. 

 

Mobile phase: This comprises of a solvent or solvent mixture. The mobile phase used should be 

particulate-free and of the highest purity for proper development of TLC spots. The solvents 

recommended are chemically inert with the sample, a stationary phase. It should be of good 

selectivity in its ability to dissolve the substances being separated. The solubility of different 

compounds in the eluting solvent plays an important role in how fast they move up the TLC 

plate. However, a more important property of the solvent is its ability to itself being adsorbed on 

the adsorbent. To the extent that the solvent has affinity for the adsorbent, it can displace the 

compounds being separated thereby "pushing" them up the plate. If the solvent is too strongly 
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adsorbed, it can fully displace all compounds causing them to move up the plate together near 

the solvent front with no separation. If the solvent is too weakly adsorbed, its solvating power 

alone may be insufficient to move any compounds fast enough to effect separation. Ideally, the 

affinity of the eluting solvent for the adsorbent is comparable to the compounds being separated 

causing different compounds to move at different rates resulting in separation. 

Solvents for chromatography 

Less eluting strength (less polar solvents) Pentane, hexane, heptane 

Toluene, p-xylene 

Dichloromethane 

Diethyl ether (anhydrous) 

Ethyl acetate (anhydrous) 

Acetone (anhydrous) 

Acetic acid 

Ethanol (anhydrous) 

Methanol (anhydrous) 

Greatest eluting strength (more polar solvents)  

The eluting strength of a solvent is primarily related to how strongly it adsorbs onto the 

adsorbent and because typical adsorbents are highly polar; thus, eluting strength increases with 

solvent polarity. 

A filter paper: This is moistened in the mobile phase, to be placed inside the chamber. This 

helps develop a uniform rise in a mobile phase over the length of the stationary phase. 

Procedure of TLC 

1. Draw a pencil line about a 1/4 inch from the bottom of the plate (along the short side). 

Mark places along the line for each spot (pure reference spots and your mixture).  

2. Dip the capillary into the solution and gently and quickly place a 1-2 millimeter spot on 

the plate at the position you’ve marked. Keep the spots small! 3. 

3. Pour approximately 3ml of solvent into a screw-cap jar, place a piece of filter paper in the 

jar and wet the paper with the solvent to saturate the atmosphere. Make sure that the 

solvent is shallow enough that it will be below the spot line on your plate.  

4. Place the plate carefully in the chamber (use tongs or tweezers), being careful not to dunk 

the spots under the solvent. Put the cap on the jar and let the plate develop.  

5. When the solvent front has almost reached the top of the TLC plate, remove the plate and 

immediately mark the solvent front with a pencil line.  

6. Using tweezers, dip the TLC plate into the solution of PAA stain in a fume hood. The 

plate should be dipped smoothly in one motion – your TA will demonstrate.  

7. Wipe excess stain from the back of the plate (glass part) and place it on a hot plate for 

~20 sec. Allow the solvent to evaporate and look at the spots.  

8. Circle the spots in pencil, break out a ruler and calculate Rf values. 

Some common techniques for visualizing the results of a TLC plate include 

− UV light 
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− Iodine Staining: is very useful in detecting carbohydrates since it turns black on contact 

with Iodine 

− KMnO4 stain (organic molecules) 

− Ninhydrin Reagent: often used to detect amino acids and proteins 

 

However, a number of different strains are being used now-a-days to visualize the spot on TLC 

plate under UV transillumintor. 

Applications of TLC 

− In monitoring the progress of reactions 

− Identify compounds present in a given mixture 

− Determine the purity of a substance. 

o Analyzing ceramides and fatty acids 

o Detection of pesticides or insecticides in food and water 

o Analyzing the dye composition of fibers in forensics 

o Assaying the radiochemical purity of radiopharmaceuticals 

o Identification of medicinal plants and their constituents  

Advantages of TLC 

− Microscale techniques: Only few milligrams of extracts are enough to run on TLC plate 

for analysis and identification.  

− Rapid identifier: Sample identification can be achieved in short time.  

− Easy to monitor: A chromatography separation reaction can be easily monitored.  

− Easy determination: Number of compounds in a mixture could be easily determined.  

− (Bioautography): Identification of antimicrobial compounds can be done readily of TLC 

profiled plates. Here pouring potential test microbes (E.coli, S. aureous) cultures along 

with agar on resolved TLC plates can yield the inhibition band on TLC this will confirm 

an antibacterial activity.  
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− Spray reagents: 5 – 10 ml spring solution is sprayed from 10- 15 cm distance in the even 

manner over the surface of developed, dried TLC plates to developed stains and resolved. 

Resolved TLC plates can be stored for long duration time. Separated compounds can be 

easily subjected to FTIR, IR, MS GCMS, LCMS, NMR for further chemical analysis. 
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