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ABSTRACT: Chromatography is one of the most widely used analytical techniques in 

chemistry, biochemistry, pharmaceuticals, environmental science, and food technology. It 

enables the separation, identification, and quantification of components present in complex 

mixtures. Since its introduction in the early twentieth century, chromatography has evolved 

into several sophisticated forms. This article reviews the fundamental principles of 

chromatography, major chromatographic techniques, factors influencing separation 

efficiency, and recent applications in scientific research and industry. The review highlights 

the importance of chromatography in quality control, drug development, environmental 

monitoring, and forensic investigations. 
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INTRODUCTION  

The separation of chemical substances is a fundamental requirement in scientific research 

and industrial production. Chromatography is a powerful analytical term for the separation 

of plant pigments. Today, chromatography has become an indispensable tool in chemical 

analysis due to its high sensitivity, accuracy, and versatility. 
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Stationary Phase 

The stationary phase remains fixed during the separation process. It may consist of solid 

particles, coated surfaces, or porous materials designed to interact selectively with 

analytes. 

Mobile Phase 

The mobile phase carries sample components through the stationary phase. Depending on 

the chromatographic technique, the mobile phase may be a gas or a liquid. 

Sample Mixture 

The sample contains the compounds to be separated and analyzed. 

Detector 

Modern chromatographic instruments employ detectors that identify separated compounds 

and generate measurable signals for quantitative analysis. 

Thin Layer Chromatography (TLC) 

TLC uses a thin layer of adsorbent material coated on a plate. The technique is widely used 

for rapid qualitative analysis. 

Column Chromatography 

Column chromatography involves packing a column with stationary phase material 

through which the sample passes. 

Gas Chromatography (GC) 

Gas chromatography separates volatile compounds using an inert carrier gas as the mobile 

phase. 

High-Performance Liquid Chromatography (HPLC) 

HPLC is among the most advanced chromatographic techniques. It uses high-pressure 

pumps to force solvents through packed columns. 

Ion-Exchange Chromatography 
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Applications: 

• Protein purification 

• Water treatment 

• Biochemical analysis 

Affinity Chromatography 

Applications: 

• Antibody purification 

• Enzyme isolation 

• Biotechnology research 

Factors Affecting Chromatographic Separation 

Several parameters influence chromatographic performance: 

Temperature 

Temperature affects molecular movement and retention behavior. 

Flow Rate 

Excessive flow rates may reduce separation efficiency. 

Particle Size 

Smaller stationary phase particles generally improve resolution. 

Mobile Phase Composition 

Changes in solvent polarity can significantly alter separation outcomes. 

Column Length 

Longer columns often provide better separation but increase analysis time. 

Applications of Chromatography 
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Pharmaceutical Industry 

Chromatography is extensively used for: 

• Drug purity testing 

• Stability studies 

• Impurity profiling 

• Quality assurance 

Environmental Monitoring 

Researchers employ chromatography to detect pollutants in: 

• Water samples 

• Soil samples 

• Atmospheric air 

Food Industry 

Applications include: 

• Detection of food additives 

• Analysis of contaminants 

• Nutritional studies 

Clinical and Biomedical Research 

Chromatographic methods support: 

• Biomarker identification 

• Drug monitoring 

• Metabolite analysis 
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Forensic Science 

Chromatography assists in: 

• Drug identification 

• Toxicological investigations 

• Criminal evidence analysis 

Recent Developments in Chromatography 

Recent technological advances have significantly enhanced chromatographic performance. 

Emerging developments include: 

• Ultra-high-performance liquid chromatography (UHPLC) 

• Microfluidic chromatography systems 

• Automated sample preparation 

• Coupling chromatography with mass spectrometry 

• Artificial intelligence-assisted chromatographic analysis 

These innovations have improved sensitivity, reduced analysis time, and increased 

analytical accuracy. 

Conclusion 

quantify complex mixtures makes it indispensable in research, healthcare, environmental 

studies, and industrial applications. Continued technological advancements are expected to 

further improve chromatographic efficiency, enabling more precise and rapid analyses in 

the future. The expanding role of chromatography demonstrates its enduring significance 

in solving scientific and technological challenges across multiple disciplines. 
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