
Introduction to Chromatography
Chromatography is an indispensable analytical technique that revolutionized how 
scientists separate, identify, and quantify chemical components within complex 
mixtures. This method relies on the differential partitioning of substances 
between a stationary phase and a mobile phase, leading to their separation. With 
a global market valued at $9.5 billion in 2023, chromatography is a cornerstone in 
various fields, especially in drug discovery, environmental analysis, and quality 
control.

https://gamma.app/?utm_source=made-with-gamma


Column Chromatography: Adsorption & Partition Basics

Adsorption Chromatography

In adsorption chromatography, separation occurs as solutes 
reversibly bind to a solid stationary phase. Common stationary 
phases include highly porous silica gel or alumina, which offer a 
large surface area for interactions. Compounds with higher 
affinity for the adsorbent travel slower, resulting in separation.

Partition Chromatography

Partition chromatography involves the distribution of solutes 
between two immiscible liquid phases. One liquid phase is 
coated onto a solid support, forming the stationary phase, while 
the other serves as the mobile phase. Separation is based on the 
differential solubility of components in these two phases.

The fundamental principle for both variants is the differing affinities of components for the stationary phase versus the mobile phase. The 
stationary phase remains fixed within the column, while the mobile phase continuously flows through it, carrying the sample components at 
varying speeds, ultimately leading to their separation.
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Column Chromatography: Methodology
The methodology for column chromatography involves a series of precise steps to achieve effective separation of compounds. Each stage is crucial for the success of the chromatographic process.

Column Packing

A glass column is carefully packed with the chosen adsorbent, typically fine silica gel (e.g., 40-63 µm particle size). Proper, uniform packing is essential to prevent channeling and ensure 
efficient separation.

Sample Loading

The sample, dissolved in a minimal volume of solvent, is applied precisely to the top of the packed stationary phase. The sample amount is usually 1-5% of the stationary phase weight to 
avoid overloading and maintain resolution.

Elution

The mobile phase, or eluent, is then introduced and flows through the column. This can be driven by gravity for simpler setups or by a pump for more controlled flow rates (typically 0.1-
10 mL/min), pushing the components through the column.

Fraction Collection

As components elute from the column, the solution is collected in small, timed volumes, often 5-10 mL. These individual fractions contain separated compounds, ready for further 
analysis.

Detection

Finally, each collected fraction is analyzed to identify the presence of target compounds. Common detection methods include UV-Vis spectroscopy, where compounds absorb light at 
specific wavelengths, or Thin Layer Chromatography (TLC) for rapid qualitative assessment.
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Column Chromatography: Advantages, Disadvantages & Applications

Key Considerations

Advantages

• High separation efficiency, even for complex mixtures.

• Excellent resolution, allowing separation of closely related compounds.

• Scalability to preparative levels (from grams to kilograms).

Disadvantages

• Can be very time-consuming (hours to several days).

• Requires significant amounts of solvent.

• Often labor-intensive, particularly for large-scale purifications.

Diverse Applications

Pharmaceuticals

Crucial for purifying active pharmaceutical ingredients (APIs) to achieve over 95% purity 
for drug formulations.

Natural Products

Essential for isolating bioactive compounds from plant extracts, fungi, or fermentation 
broths, leading to new drug discoveries.

Chemical Synthesis

Utilized to purify desired products from reaction mixtures, removing unreacted starting 
materials and by-products.
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Thin Layer Chromatography (TLC): Introduction & Principle
Thin Layer Chromatography (TLC) stands as a rapid and versatile planar chromatographic technique. It involves the separation of components within a mixture based on 
their differential migration across a thin layer of adsorbent material coated on an inert support plate. This method is widely used for qualitative analysis and offers quick 
insights into sample composition.

Planar Separation

TLC uses a thin, uniform layer of stationary phase, typically 200 µm thick, 
applied to a flat, inert support like glass, plastic, or aluminum foil.

Capillary Action

The mobile phase, or solvent mixture, ascends the plate by capillary action, 
carrying the sample components along with it.

Differential Migration

Components separate due to varying degrees of adsorption to the 
stationary phase and solubility in the mobile phase. Compounds that are 
more soluble in the mobile phase and less adsorbed to the stationary phase 
will travel further up the plate.

TLC is renowned for its speed, with analyses typically completed in less than 30 minutes, making it ideal for quick checks in laboratory settings.
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Thin Layer Chromatography: Methodology
The practical application of Thin Layer Chromatography (TLC) involves a straightforward yet precise sequence of steps to effectively separate and visualize components within a mixture.

Plate Preparation

A standard TLC plate, such as a 10x10 cm silica gel plate, is prepared by marking a baseline approximately 1 cm from the bottom edge. This line serves as the origin for 
sample application.

Sample Spotting

Tiny amounts of the sample, usually 1-5 µL, are carefully applied as small, concentrated spots onto the marked baseline using a capillary tube. Multiple samples and 
standards can be spotted on a single plate for comparative analysis.

Development

The spotted plate is then placed vertically into a sealed development chamber containing a shallow pool of the chosen mobile phase, or eluent. The chamber is sealed to 
saturate the atmosphere with solvent vapor, ensuring consistent solvent front movement.

Solvent Front

As the mobile phase ascends the plate by capillary action, it carries the sample components with it. Each component travels a characteristic distance depending on its 
interactions with both the stationary and mobile phases, creating separated spots.

Visualization
Once the solvent front reaches near the top of the plate, the plate is removed and dried. Visible spots are immediately noted. For colorless compounds, visualization is 
achieved by exposing the plate to UV light (254/365 nm) or by spraying it with chemical staining reagents like ninhydrin, which react to produce colored spots.
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Thin Layer Chromatography: Rf Values & Interpretation
The Rf (Retention factor) value is a critical quantitative measure in Thin Layer Chromatography, providing a characteristic constant for a compound under specific chromatographic conditions. It's a 
key parameter for identification and comparison.

Optimal Separation (0.2-
0.8)

Poor Separation (0-0.2) Poor Separation (0.8-1.0)

The chart illustrates that optimal separation is typically achieved when Rf values fall between 
0.2 and 0.8, where compounds exhibit sufficient differential migration. Values too close to 0 or 
1 indicate poor separation or inadequate mobile phase selection.

Calculation of Rf Value

The Rf value is calculated by dividing the distance traveled by the solute spot from the 
origin by the distance traveled by the solvent front from the origin. This ratio is always 
less than or equal to 1.0.

Rf = \frac{\text{Distance traveled by solute}}{\text{Distance traveled by solvent front}}

Optimal Range

Rf values ideally range from 0.0 to 1.0. For effective separation and clear distinction 
between compounds, an Rf value between 0.2 and 0.8 is generally considered optimal.

Compound Identification

Unknown compounds can be tentatively identified by comparing their Rf values to 
those of known reference standards run on the same plate, under identical conditions 
(e.g., solvent system, temperature, stationary phase).

Reproducibility

While Rf values are characteristic, they can vary slightly. Reproducibility is typically 
within ±0.05 Rf units, highlighting the importance of strictly controlled experimental 
conditions for consistent results.
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Thin Layer Chromatography: Advantages, Disadvantages & Applications
Thin Layer Chromatography (TLC) is a cornerstone technique in many laboratories due to its inherent simplicity, speed, and cost-effectiveness. However, it also comes with certain limitations that 
define its scope of application.

Strengths of TLC
• Fast analysis, providing quick results.

• Low operational cost, typically $1-5 per plate.

• Requires very small sample volumes (nanoliters to microliters).

• Provides immediate visual results, aiding in quick decision-making.

Limitations of TLC
• Lower resolution compared to column chromatography.

• Primarily a qualitative or semi-quantitative technique.

• Limited sample capacity, not suitable for preparative separations.

Key Applications of TLC

Reaction Monitoring

Essential for rapid checking of reaction progress and completion in organic synthesis, saving 
time and resources.

Purity Assessment

Quickly assesses sample purity, detecting impurities as low as 0.1% in various chemical and 
pharmaceutical products.

Forensics

Used for preliminary screening of drugs, dyes, or inks in forensic investigations due to its 
speed and simplicity.

Education

An ideal method for teaching fundamental separation principles in chemistry laboratories, 
offering hands-on experience.
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