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APPLICATION NOTE

TLC Troubleshooting with 
SiliCycle’s SiliaPlate
SiliCycle offers a wide selection of TLC plates (SiliaPlate) 
in terms of size (plate dimensions, thickness and backing) 
as well as chemistries (C18, NH2, CN, AgNO3, etc.). 
SiliaPlate products exhibit a high separation capacity 
due to the narrow particle size distribution used in 
manufacturing. In this Application Note, you will find ways 
to improve your TLC separation method.

about SiliaPlate technology in our brochure “Solutions 
For Purification & Chromatography”.LEARN MORE

SiliaPlateTM

https://www.silicycle.com/resource-center/brochures/solutions-for-purification-chromatography-bropur
https://www.silicycle.com/resource-center/brochures/solutions-for-purification-chromatography-bropur
https://www.silicycle.com/resource-center/brochures/solutions-for-purification-chromatography-bropur
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Table 1: Relative solvent strength (ε°)

Relative Solvent Strength (ε°)

Solvent ε° Solvent ε° Solvent ε° Solvent ε°

Fluoroalkane -0.25 Carbon tetrachloride 0.18 Methylene chloride 0.42 Diethylamine 0.63

n-Pentane 0.00 Xylene 0.26 Ethylene dichloride 0.44 Nitromethane 0.64

Hexane 0.01 i-Propyl ether 0.28 Methylethyl ketone 0.51 Acetonitrile 0.65

Isooctane 0.01 i-Propyl chloride 0.29 1-Nitropropane 0.53 Pyridine 0.71

Petroleum ether 0.01 Toluene 0.29 Triethylamine 0.54 Dimethyl sulfoxide 0.75

n-Decane 0.04 n-Propyl chloride 0.30 Acetone 0.56 i-Propanol 0.82

Cyclohexane 0.04 Benzene 0.32 Dioxane 0.56 Ethanol 0.88

Cyclopentane 0.05 Ethyl bromide 0.35 Tetrahydrofuran 0.57 Methanol 0.95

1-Pentene 0.08 Ethyl sulfide 0.38 Ethyl acetate 0.58 Ethylene glycol 1.1

Carbon disulfide 0.15 Chloroform 0.40 Methyl acetate 0.60

TLC Troubleshooting with SiliCycle’s SiliaPlate
ELUOTROPIC STRENGTH
Having trouble getting a good separation of your products? The retention factor (Rf) can be tuned by changing the polarity of the solvent 
system used for sample elution. For binary or tertiary mixtures, the ratio of individual solvents is modified so that the desired eluotropic 
strength can be obtained. Alternatively, solvent systems constituting of a single solvent can be modified by adding a second solvent to 
obtain a solvent mixture with a different polarity. The solvent strengths of usual eluents are presented in Table 1 below.

The resulting solvent system polarity (ε°system) is calculated using the following equation:

ε°system = C1ε°1 + C2ε°2 + …+ Cnε°n

where   ε°1, ε°2 & ε°n are the eluotropic strengths of individual solvents

            C1, C2 & Cn are the ratios of each solvent constituting the solvent mixture

All these optimization steps can be performed with systems specially designed for multi-solvent TLC elution or at smaller scale using 
smaller TLC plates (2.5 x 7.5 cm).

SILICA PARTICLE GRANULOMETRY (PARTICLE SIZE AND PARTICLE DISTRIBUTION)
Particle size, size distribution and geometry directly affect the pattern and quality of a chromatographic separation (TLC, HPLC, 
etc.). Thus, special attention may be required when using new or different TLC plates. As described by the Van Deemter equation, 
the size of chromatographic particles affects the kinetics of interaction and consequently the separation efficiency. For example, in 
high-performance liquid-chromatography (HPLC), the use of smaller chromatographic particle enables a net increase in separation 
efficiency. However, a decrease in particle size will also cause a decrease in the solvent elution rate so that longer eluting times are 
required.

A narrow particle size distribution will result in a more homogeneous coating which enables a more efficient separation. Since small 
differences exist between manufacturers in terms of particle size distribution, eluted spots might also differ in diameter or shape.
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STATIONARY PHASE
If your separation method has been optimized, but you are still not getting satisfactory results, it may just be time to consider trying 
another phase since not all phases operate under the same chromatographic mechanism.

Stationary Phases and Modes of Separation

Stationary Phase Chromatographic Mechanism Typical Applications

Silica gel (normal phases) Adsorption Steroids, Amino acids, Alcohols, Hydrocarbons, Lipids, Aflaxtoxins, Bile acids, 
Vitamins, Alkaloids

Silica gel (reversed-phases) Partition Fatty acids, Vitamins, Steroids, Hormones, Carotenoids

Silica gel (silver nitrate) Adsorption Alkenes, Lipids, Steroids, Terpenes

Alumina Adsorption Used for acidic compounds subject to degradation on normal phase silica

Florisil Adsorption Alkenes, Lipids, Steroids, Terpenes

Table 2: Stationary phases and modes of separation

CUTTING PLATES
If you do not obtain straight cuts and the edge of your TLC shatters, it could be that you are not using the appropriate cutter. Here are 
the proper cutters according to the backing of a TLC.

For glass-backed TLC, you should use a TLC cutter like these ones:

Aluminum-backed and plastic-backed plates should be cut with long scissors to get a straight cut with a single stroke. It is important 
not to apply the scissors several times at the same place because the surface could be damaged and cause chipping of the silica from 
the plate (hence why long scissors are preferable).

TLC Plate (20 x 20 cm) cutter TLC Plate Pencil Glass Cutter
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SPOT SHAPE
If your spots do not have the ideal round shape, the samples could be too concentrated. If it appears either as a long streak or as a 
“blob”, try diluting your samples and running your TLC again to see if there are some improvements. The spot shape is very important 
when it comes to determining the Rf’s of the product. Inaccurate Rf’s will lead to erroneous column volumes (CV’s) and then completely 
skew all the method development. Furthermore, the streak or the “blobby” spot may also hide other spots.

Images a and b in the Figure 11 demonstrate the effect of the dilution of a red food dye sample on a TLC. Spot 0 corresponds to the 
undiluted sample, while the remaining spots correspond to the sample being diluted 3, 6, 9 or 12 times respectively. While the undiluted 
dye leads to a severe streaking, the diluted ones on the other hand generate distinctive spots. Images c and d also demonstrate how 
dilution can improve the spot shape.

Figure 1: a) Before elution of red food dye samples at different aqueous dilutions, b) After elution, c) Alkene and alkyne 
samples too concentrated (visualized with KMnO4 stain), d) Alkene and alkyne samples at proper dilution

SPOTS RUNNING UNEVENLY
Uneven spots are probably due to the fact that the solvent front ran unevenly on the TLC plate. This usually occurs when the plate is 
placed in the chamber at a slight tilt, when the eluent has splashed onto the plate or when the chamber has been jostled during elution. 
As this problem may skew the determination of the Rf’s, it is often best to perform another TLC while attempting to avoid the mistakes 
discussed above.

THE VISUALIZATION METHOD
Most often, organic compounds appear colorless on a TLC plate and visualization methods are required to determine the Rf’s of the 
spots. Sometimes a non-destructive method (ie compounds are unchanged after the process), like UV, allows to visualize the spots 
efficiently and sometimes destructive methods (ie compounds are converted into something new after the process), like chemical 
stains, are required.

UV light is very efficient to visualize aromatic compounds and highly conjugated systems as they strongly absorb UV light. Some TLCs 
contain a fluorescent material so the background of the plate appears green under a short-waved (254 nm) UV light (if your TLC does 
not appear green under UV light, it means it does not contain the fluorescent material and it can’t be visualized using UV light). This 
method will generate dark spots on the TLC because as the compounds absorb 254 nm UV light, it prevents the fluorescent material 
from receiving it. Many other functional groups do not absorb UV light and will not appear dark under the UV lamp. So, if you have 
trouble visualizing your TLC spots, trying various stains may be an interesting avenue to reach your goal. 

These chemical stains generate a multitude of colors for the plate itself as well as for the spots. Some examples are presented in the 
Figure 21 below.

dcba
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Figure 2 a) UV light (for aromatic & conjugated systems), b) Iodine (for unsaturated & aromatic compounds), c) p-Anisaldehyde (for nucleophiles & oxygenated compounds 
like aldehydes, ketones and alcohols), d) Vanillin (for many aldehydes, ketones and alcohols), e) Potassium Permanganate (for olefins & readily oxidized groups like alcohols, 
aldehydes, alkenes, alkynes, etc.), f) Phosphomolybdic Acid (PMA) (for alcohols, phenols, alkenes and many carbonyl compounds), g) Ferric Chloride (for phenols), h) 
Bromocresol Green (for acidic groups with a pKa < 5 & carboxylic acids)

dcba

hgfe
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Described below are the most frequently used TLC stains.

Stains for Thin Layer Chromatography

Name Visualization of ... Stain Recipe Comments

p-Anisaldehyde #1 Universal stain

Good for nucleophiles and 
oxygenated compounds

Prepare stain as follows

• 2 mL of glacial acetic acid

• 5 mL of p-anisaldehyde

• 7 mL of conc. sulfuric acid

• 185 mL of 95 % ethanol

Tip: add dropwise the acid at the 
end and stir vigorously.

Visualization Colors

• Spots: Various colors

• BG: Orange to pink

Appropriate Storage

• Aluminum wrapped at 0°C

Note: Tends to be insensitive to alkenes, alkynes and aromatic compounds unless other functional groups are present.

p-Anisaldehyde #2 Acronycine 
Cineoles 
Terpenes

Prepare stain as follows 
[1:10:20:80]

• p-anisaldehyde

• perchloric acid

• acetone

• water

Visualization Colors

• Spots: Various colors

• BG: Orange to pink

Appropriate Storage

• Aluminum wrapped at 0°C

Bromocresol Green Acidic groups (pKa < 5) 
Carboxylic acids

Prepare stain as follows

• 0.04 g of bromocresol green

• 100 mL of 95 % ethanol

• 0.1 M solution of sodium 
hydroxide

Tip: add the base slowly at the end 
until the solution turns pale blue.

Visualization Colors

• Spots: Yellow to green

• BG: Blue

Appropriate Storage

• Aluminum wrapped at 0°C

Heating NOT required

Cerium Molybdate 

(CAM or Hanessian’s Stain)

Universal stain

Good for peptides

Prepare stain as follows

• 12 g of ammonium molybdate

• 0.5 g of ceric ammonium 
molybdate

• 15 mL of conc. sulfuric acid

• 235 mL of water

Visualization Colors

• Spots: Blue

• BG: White

Appropriate Storage

• Aluminum wrapped

Note: Highly sensitive stain; very low concentration of product may appear as a significant impurity.

Cerium Sulfate

(Ce(SO4)2 )

Difficultly stainable compounds Prepare stain as follows

• 15 % aqueous sulfuric acid 
saturated with ceric sulfate

Visualization Colors

• Spots: Black

• BG: Yellow to white

Table 3: Stains for thin layer chromatography

(N.B. ‘‘BG’’ stands for ‘‘background’’)
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Stains for Thin Layer Chromatography

Name Visualization of ... Stain Recipe Comments

Cobalt Chloride

(CoCl2)

Universal stain

Used in conjunction with PMA when 
this one is not effective enough

Prepare stain as follows

• 2 g of cobalt chloride

• 100 mL of water

• 10 mL of conc. sulfuric acid

Tip: simply dip PMA treated plate in 
CoCl2 solution.

Visualization Colors

• Spots: Various colors

• BG: Pink

Heating NOT required

p-Dimethylamino-benzaldehyde

(PDAB or Ehrlich’s Reagent)

Amines 
Indoles

Prepare stain as follows

• 0.5 g of p-dimethylamino-
benzaldehyde

• 10 mL of conc. hydrochloric 
acid

• 40 mL of acetone (or 95 % 
ethanol)

Visualization Colors

• Spots: Blue

• BG: White

2,4-Dinitrophenyl-hydrazine

(DNP)

Aldehydes 
Ketones

Prepare stain as follows

• 12 g of 
2,4-dinitrophenylhydrazine

• 60 mL of conc. sulfuric acid

• 80 mL of water

• 200 mL of 95 % ethanol

Visualization Colors

• Spots: Yellow to red

• BG: Light orange

DO NOT HEAT dipped plate

Dragendorff Reagent Nitrogenous compounds (Alkaloids, 
amines, organic bases, etc.) 
Phenols

Prepare stain as follows

Solution A

• 1.7 g of bismuth nitrate

• 80 mL of water

• 20 mL of acetic acid

Solution B

• 40 g of potassium iodide

• 100 mL of water

Tip: mix 5 mL of each solution A 
and B to a solution of 20 mL of 
acetic acid in 70 mL of water.

Visualization Colors

• Spots: Orange to red

• BG: Yellow

Appropriate Storage

• Aluminum wrapped

Stain Shelf-Life

• One or two weeks

• Solutions A and B are long term 
storable

DO NOT HEAT dipped plate

Ferric Chloride

(FeCl3)

Phenols Prepare stain as follows

• 2 g of ferric chloride

• 102 mL of 0.5 N hydrochloric 
acid

Visualization Colors

• Spots: Red

• BG: Yellow

Iodine Unsaturated & aromatic compounds Prepare stain as follows

• Iodine crystals in an amber 
bottle

Visualization Colors

• Spots: Dark brown

• BG: Light brown

Note: Iodine stain can be removed by heating.

Morin Hydrate

(Hydroxy Flavone)

Universal stain

Fluorescently active

Prepare stain as follows

• 0.1 % of morin hydrate in 
methanol

Visualization Colors

• Spots: Various colors 

• BG: White

(N.B. ‘‘BG’’ stands for ‘‘background’’)
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Stains for Thin Layer Chromatography

Name Visualization of ... Stain Recipe Comments

Ninhydrin

(Indanetrione Hydrate)

Amino acids 
Amino sugars 
Amines

Prepare stain as follows

• 1.5 g of ninhydrin

• 3 mL acetic acid

• 100 mL of n-butanol

Visualization Colors

• Spots: Various colors

• BG: White

Phosphomolybdic Acid

(PMA)

Universal stain

Very effective against diluted 
sample

Prepare stain as follows

• 10 % of PMA solution in ethanol

• or 10 g of PMA in 100 mL of 
ethanol

Visualization Colors

• Spots: Dark green to black

• BG: Light green

Potassium Permanganate

(KMnO4)

Olefins 
Readily oxidized groups 
Alcohols, aldehydes, alkenes, 
alkynes, etc.

Prepare stain as follows

• 1.5 g of potassium 
permanganate

• 10 g of potassium carbonate

• 1.25 mL of 10 % sodium 
hydroxide

• 200 mL of water

Visualization Colors

• Spots: Yellow to light brown

• BG: Purple to pink

Stain Shelf-Life

• Three months

Note: Can be used for detection of alcohols, amines, sulfides and mercaptans groups when gently heated.

Vanillin Universal stain

Very effective for same polarity 
products (Rf)

Prepare stain as follows

• 15 g of vanillin

• 250 mL of 95 % ethanol

• 2.5 mL of conc. sulfuric acid

Visualization Colors

• Spots: Various colors

• BG: Light tan

Notes: 

SiliCycle Inc.
2500, Parc-Technologique Blvd, 
Quebec City (Quebec) G1P 4S6 
CANADA    

Phone: +1 418.874.0054
Toll Free +1 877.745.4292 (North America only)

Website: www.silicycle.com

Email: info@silicycle.com Follow us:  

OTHER PROBLEMS ENCOUNTERED
Still having trouble visualizing all your compounds? Some other reasons could explain this problem. Other causes to investigate:

1. Your compound might be too diluted. To solve this problem, you could try to concentrate your sample (if possible) or you can try to 
deposit the sample multiple times at the same place before elution (be careful to let the sample fully dry between each application 
to avoid creating very large spots).

2. Your compound might be volatile and may have evaporated from the plate. In this case, the compound will be unfortunately 
difficult to visualize by TLC.

3. The chosen visualization technique might not be appropriate for all the compounds on the TLC. Then, it could be appropriate to 
run the same TLC a few times and try various stains to determine if other spots could be revealed.

1 Thanks to Lisa Nichols, professor of chemistry at Butte College, for the pictures: 
  https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_Lab_Techniques_(Nichols)

(N.B. ‘‘BG’’ stands for ‘‘background’’)

• Occasionally, spots can be seen more clearly from glass side with glass backed TLC plate.
• Otherwise mentioned, stains are long-term stable when stored in a tightly-closed container to prevent solvent evaporation.

https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_Lab_Techniques_(Nichols)

