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Abstract 

Chromatography, a fundamental tool in analytical chemistry, intricately separates complex mixtures. This abstract examines 

its underlying principles—partition, adsorption, ion exchange, size exclusion, and affinity—highlighting their role in diverse 

techniques. From pharmaceuticals to environmental analysis and forensics, chromatography's applications abound, ensuring 

precise analysis and quality control. Recent innovations integrating chromatography with mass spectrometry and automation 

promise heightened efficiency and accuracy. Continual evolution in this field underscores chromatography's pivotal role in 

advancing scientific research and industrial processes across multifaceted domains. 

Introduction 

Chromatography operates on the principle of separating molecules within a mixture by employing a stationary phase (either 

solid or a layer of liquid on a solid support) and a mobile phase (liquid or gas). This method capitalizes on interactions like 

adsorption (solid-liquid), partition (liquid-liquid/gas), and affinity, as well as differences in molecular weights among the 

components. These variations cause certain elements to linger longer in the stationary phase while others swiftly move into 

the mobile phase, ultimately enabling separation. 

The core elements of chromatography encompass: Stationary phase (Consists of a solid or a liquid-coated solid surface.) 

Mobile phase (Comprises a liquid or gaseous component.) Separated molecules (The outcome of the separation process 

between the stationary and mobile phases based on their interactions with the mixture components.) 

Different chromatographic methods leverage these interactions to effectively separate various molecules. For instance: 

 Partition-based chromatography is adept at isolating small molecules like amino acids, carbohydrates, and fatty acids. 

 Affinity chromatography (e.g., ion-exchange chromatography) is more effective in segregating macromolecules such 

as nucleic acids and proteins. 

 Paper chromatography is employed in protein separation and studies related to protein synthesis. 

 Gas-liquid chromatography excels in separating compounds like alcohol, esters, lipids, and amino groups, and 

observing enzymatic interactions. 

 Molecular-sieve chromatography finds utility in determining the molecular weights of proteins. 

 Agarose-gel chromatography is utilized for purifying RNA, DNA particles, and viruses. 

Chromatography methods are categorized based on the mobile phase: liquid chromatography (LC) with a liquid mobile phase 

and gas chromatography (GC) with a gaseous mobile phase. GC is suitable for gases, volatile liquids, and solid materials, 

while LC is ideal for thermally unstable and non-volatile samples. 

The purpose of chromatography extends beyond separation; it serves as a quantitative analytical method, aiming for efficient 

separation within reasonable timeframes. Various chromatography methods have evolved to achieve this, including column 

chromatography, thin-layer chromatography (TLC), paper chromatography, ion exchange chromatography, gel permeation 

chromatography, high-pressure liquid chromatography, and affinity chromatography. Each method caters to specific 

separation requirements and analytical goals.  
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Some types of Chromatography are: 

a) Column Chromatography 

b) Paper Chromatography 

c) Thin Layer Chromatography 

d) Ion Exchange Chromatography  

e) HPLC 

f) HPTLC 

g) Gel Filtration Chromatography 

h) Gas Chromatography 

i) Electrophoresis 

j) Affinity Chromatography  

Column Chromatography  

Column chromatography is a technique which is used to separate a single chemical compound from a mixture dissolved in a 

fluid. The main principle involved in column chromatography is the adsorption of the solute of the solution with the help of 

stationary phase and afterward separate the mixture into independent compound. 

Component of a typical chromatography system using a gas or liquid mobile phase include: Stationary phase generally it is a 

solid material having a good adsorption property and should be suitable for the analysis to be separate and Mobile phase is 

made up of solvents that complement the stationary phase. The mobile phase acts as a solvent, a developing agent. 

Types of column chromatography include: Adsorption column chromatography is separation technique in which compound 

to be separated is retained or adsorbed on the surface. Partition column chromatography is depending on a variance in partition 

coefficient of the individual component of the mixture. Gel column chromatography in this the separation is carried out 

through a column packed with gel and possesses a porous stationary phase.  

Instrumentation: A cylindrical glass tube, which is plugged at the bottom by a piece of glass wool or porous disc, is filled 

with slurry and a suitable solvent. 

Application: To isolate active ingredient, it is very helpful in separating compound mixture, it is used to determine drug 

estimation from drug formulation, and it is used to remove impurities.  

 

Paper Chromatography 

The technique of paper chromatography was first discovered by Synge and Martin in 1943. Paper chromatography is specific 

type of technique that operates on a specific piece of paper. It is a type of planar chromatography, in which separation of 

compounds is performed using a filter paper made up of cellulose which acts as a stationary phase. The method is 

comparatively cheap and helps to separate dissolved chemical substance by their different rates of migration through paper 

sheets. The method requires very minute quantity of sample for analysis 

Principle:- The basic principle involved in paper chromatography is partition in which the various components get distributed 

or partitioned between liquid phases. It involves use of aqueous solvent held in pores of filter paper which acts as stationary 

phase whereas mobile phase travels over the paper. Due to differences in their affinity towards water (in stationary phase) and 

mobile phase solvents, the compounds in the mixture get separated through capillary action of the pores in the paper. The 

components may also be separated on the basis of principle of adsorption between solid and liquid phases, where solid surface 

of paper serves as stationary phase and mobile phase is a liquid solvent. Although the main working principle of paper 

chromatography is partitioning this is employed in many pharmaceutical applications. 
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Modes of Paper Chromatography:- Paper chromatography can be performed on the basis of method of development of 

chromatogram. Broadly; it can be classified as: 

a) Ascending chromatography 

b) Descending chromatography 

c) Ascending- descending chromatography 

d) Radial chromatography 

e) Two-dimensional chromatography 

Applications of paper chromatography 

 Paper chromatography is a useful method to identify number of constituents present in a sample, with a correctly chosen 

mobile phase. 

 This method requires small scale setup, involves very minute quantity of sample and is also cost effective. 

 Paper chromatography is an effective tool for separation of free amino acids present in human serum. 

 Paper chromatography also involves inorganic applications such as separation of cations like cadmium, zinc, mercury, 

beryllium and calcium. 

 It technique is also helpful in identification of accelerator and anti-oxidant in rubber and is useful for determining its 

quality.  

 Paper chromatography is widely used in detection of various plant constituents such as opium, quinine alkaloids. 

 
Thin Layer Chromatography 

Thin layer chromatography is an analytical technique, it first introduced by Ismailov and Schraiber in 1938. TLC performed 

on an aluminum foil, glass plate. They are coated with thin layer absorbent (i.e. Stationary Phase) Silica gel, aluminum oxide, 

cellulose, polyamide, and kieselguhr. The slurry of any one material these are spread equally on the thin layer chromatography 

plate. After apply the stationary phase the mixture of solvent to be analyzed is applied near the bottom of TLC plate. The 

liquid or solvent move on stationary phase is called mobile phase. Mobile phase does not react with the component of mixture. 

The mobile phase use in TLC is n-benzene, cyclohexane, diethyl ether chloroform, acetone, ethyl acetate. Prepared a TLC 

developing chamber. The chamber is a container (beakers she flask) that tight sealed for the atmosphere in the chamber is the 

saturated with developing chamber. In developing chamber, add enough appropriate developing liquid. In chamber, place the 

prepared TLC plate. In sometimes the mobile phase, travel slowly upward by capillary action. After complete 

chromatography, the chromatogram is dried there are two possibilities in case of visualization of spot:    

1. The spot is visible. 

2. The spot is invisible, if the spot is invisible then use visualizing agent.  

Principle: The principle of TLC plate is based on absorption. The separation is depending on the affinity of the mobile phase 

toward the stationary phase.  The compound has higher affinity toward the stationary phase they separate slowly and the 

compounds have lower affinity toward the stationary phase they separate faster.   

Preparation technique of TLC plate  

a) Dipping 

b) Pouring 

c) Spraying 

d) Spreading  
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Application of TLC  

 Identification of substance. 

 Identification of reactant/rate of reaction. 

 It is used in the separation of the multi-component mixture.  

 It is used in cosmetic industry.  

 It’s used in food industry, use to separate and identify colors, sweetening agent, and preservatives. 

 

Ion Exchange Chromatography 

Ion exchange chromatography (IEC) is a powerful analytical and preparative technique used for the separation and purification 

of ions based on their charge. This method relies on the reversible exchange of ions between a stationary phase containing 

charged groups and a mobile phase carrying the analyte mixture. This article will delve into the principles, types, applications, 

and key components of ion exchange chromatography. 

Principles of Ion Exchange Chromatography: 

 Ion Exchange Resin: The stationary phase in ion exchange chromatography is typically a resin containing charged 

groups. These groups can be either positively charged (cation exchange) or negatively charged (anion exchange). Common 

cation exchange resins include sulfonated polymers, while anion exchange resins often contain amino-functionalized groups. 

 Mobile Phase: The mobile phase, also known as the eluent, is a liquid that flows through the stationary phase, 

carrying the sample. The choice of eluent depends on the specific ions being analysed. Buffer solutions with varying pH or 

ionic strength are commonly used to control the interactions between the stationary phase and analytes.  

 Ion-Exchange Interactions: As the sample is introduced into the ion exchange chromatography column, the charged 

ions in the analytes interact with the oppositely charged groups on the resin. This interaction leads to the temporary 

immobilization of the ions on the stationary phase. 

 Elution: Elution is the process of releasing the ions from the stationary phase. This is achieved by changing the 

conditions of the mobile phase, such as altering the pH or ionic strength. The eluted ions are then detected and analyzed. 

Types of Ion Exchange Chromatography:  

1. Cation Exchange Chromatography: In cation exchange chromatography, the stationary phase contains negatively 

charged groups. It is used to separate cations based on their charge and ionic properties. Common applications include the 

analysis of metal ions and protein purification. 

2. Anion Exchange Chromatography: Anion exchange chromatography employs a stationary phase with positively 

charged groups to separate anions. This type of chromatography is frequently used for the analysis of negatively charged 

biomolecules, such as nucleic acids and proteins. 

Instrumentation of Ion Exchange Chromatography:- Pump, Auto sampler, Column Oven, Chromatography 

Columns, Ion Exchange Resin, Column Housing, Guard Columns, Detectors, Conductivity Detector, UV-Visible Detector, 

Data Acquisition System, pH and Conductivity Meters, Gradient Controller, Sample Preparation Accessories, Prep kits, 

filtration systems, and ion exchange cartridges, Pressure and Temperature Monitoring Devices 
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.  

Applications: Protein Purification, Pharmaceutical Analysis, Water and Environmental Analysis, Food and 

Beverage Industry, Biochemical Research, Separation of Metal Ions, Determination of Amino Acids, Quality 

Control in Chemical Manufacturing, Analysis of Pharmaceuticals in Biological Fluids, Determination of Organic 

Acids, Waste Water Treatment. 

HPLC 

High-performance liquid chromatography (HPLC) is the most versatile and widely used type of elution chromatography. The 

technique is used by scientists for separating and determining species in a variety of organic, inorganic, and biological 

materials. In liquid chromatography, the mobile phase is a liquid solvent containing the sample as a mixture of solutes. 

High-performance liquid chromatography (HPLC) is a type of chromatography that combines a liquid mobile phase and a 

very finely divided stationary phase.  In order to obtain satisfactory flow rates, the liquid must be pressurized to several 

hundred or more pounds per square inch. 

Instrumentation: Mobile-Phase Reservoirs and Solvent Treatment Systems, Pumping Systems, Sample Injection Systems, 

Columns for HPLC, HPLC Detectors. 

 

Applications: Separation of fatty acids, an analysis of a commercial epoxy resin, rapid determination of the molecular mass, 

Separation of anions on an anion-exchange column, Separation of alkaline earth ions on a cations-exchange column, soft drink 

additives and organophosphate insecticides.  

HPTLC 

High Performance  Thin  Layer  Chromatography  (HPTLC) is  a  sophisticated  and  automated  form  of  the  thin-layer 

chromatography  (TLC)  with  better and  advanced separation efficiency  and  detection  limits.  It is also known as High 

Pressure Thin Layer Chromatography/Planar chromatography or Flat-bed chromatography.  

It is a powerful analytical method equally suitable for qualitative and quantitative analytical tasks. Separation may result due 

to  adsorption  or  partition  or  by  both,  phenomenon’s depending  upon the nature of adsorbents used  on  plates  and solvents  

system  used for  development.  

Instrumentation : Stationary phase(types of material, sizes, activation), mobile phase, application of sample, pre-

conditioning of chamber, development chamber, development of chromatogram, densitometers(detectors, UV visible, 

fluorescence) , derivatisation tequniques, automated method development. 
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Applications: Phytochemical and biomedical analysis, herbal drug quantification, active ingredient quantification, 

fingerprinting of formulations, and check for adulterants in the formulations. 

Gel Filtration 

Gel filtration (GF) chromatography separates proteins solely on the basis of molecular size. Separation is achieved using a 

porous matrix to which the molecules, for steric reasons, have different degrees of access--i.e., smaller molecules have greater 

access and larger molecules are excluded from the matrix. Hence, proteins are eluted from the GF column in decreasing order 

of size. This unit describes the experimental theory behind gel filtration and contains many useful tables listing the properties 

and characteristics of currently available matrices. 

 

Gel Filtration Chromatography Applications 

Gel filtration chromatography, a type of size exclusion chromatography, can be used to either fractionate molecules and 

complexes in a sample into fractions with a particular size range, to remove all molecules larger than a particular size from 

the sample, or a combination of both operations.  

Gel filtration chromatography can also be used for: 

 Fractionation of molecules and complexes within a predetermined size range 

 Size analysis and determination 

 Removal of large proteins and complexes e Buffer exchange 

 Desalting 

 Removal of small molecules such as nucleotides, primers, dyes, and contaminants 

 Assessment of sample purity 

 Separation of bound from unbound radioisotopes 

Gel filtration chromatography media for all of the above uses are available in preplaced gravity flow columns, spin columns, 

low-pressure and medium-pressure chromatography columns, and bottled resins. 
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Gas Chromatography 

Introduction: Gas chromatography differs from other forms of chromatography in that the mobile phase is a gas and the 

components are separated as vapors. It is thus used to separate and detect small molecular weight compounds in the gas phase. 

The sample is either a gas or a liquid that is vaporized in the injection port. The mobile phase for gas chromatography is a 

carrier gas, typically helium because of its low molecular weight and being chemically inert. The pressure is applied and the 

mobile phase moves the analyte through the column. The separation is accomplished using a column coated with a stationary 

phase. 

Principle: The equilibrium for gas chromatography is partitioning, and the components of the sample will partition (i.e. 

distribute) between the two phases: the stationary phase and the mobile phase. Compounds that have a greater affinity for the 

stationary phase spend more time in the column and thus elute later and have a longer retention time (Rt) than samples that 

have a higher affinity for the mobile phase. 

Instrumentation: 

 

 Applications:  

 Gas chromatography is used in the analysis of:  

o air-borne pollutants,  

o performance-enhancing drugs in athlete’s urine samples,  

o oil spills, 

o Essential oils in perfume preparation.  

 GC analysis is used to calculate the content of a chemical product. 

Electrophoresis 

Electrophoresis is a chromatography technique by which a mixture of charged molecules is separated according to size when 

placed in an electric filed. The accurate determination of the size of RNA species is just as important as deduction of the 

molecular weight of any other macromolecules subjected to electrophoresis.  

Principal: It is the process of separation or purification of protein molecules, DNA, or RNA that differ in charge, size, and 

conformation. The charged molecules are placed at one end of the field according to their charge, and an electric field is 

applied. 
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Application: Electrophoresis and chromatography are both forms of molecular sieving. They are incredibly useful and widely 

used tools that allow researchers to separate complex subjects into identifiable parts. 

Affinity Chromatography 

Introduction: In the dynamic realm of biotechnology, precision and efficiency are paramount. Affinity chromatography 

stands as a beacon, offering a targeted approach to biomolecule purification. This technique, founded on specific binding 

interactions, has become a linchpin in diverse applications. Let's explore the principles, applications, advancements, and the 

instrumental role of affinity chromatography in achieving unparalleled specificity in bio molecular purification. 

Principles: Affinity chromatography hinges on the selective binding between a target biomolecule and an immobilized ligand. 

Within a column, the ligand-coated matrix captures the target, allowing for the washout of non-specific entities. Elution of 

the bound biomolecule then facilitates isolation and purification. 

Instrumentation: Affinity chromatography requires a column with a ligand-coated matrix. The process involves sample 

application, washing, and elution. Instrumentation includes a chromatography column, sample pump, washing system, and 

elution mechanism. Ligand and matrix choice depends on the desired interaction and biomolecule characteristics. Continuous 

technological advancements enhance the efficiency and specificity of affinity chromatography, solidifying its role in 

biotechnological applications 

.  

Applications: 

 Protein Purification: Efficiently purifies proteins with high specificity, crucial for research and industrial production. 

 Enzyme Isolation: Isolates enzymes with high purity, aiding in the study of enzymatic activities and biocatalyst 

development. 

 Antibody Purification: Instrumental in isolating monoclonal antibodies for diagnostics and therapeutics. 

 Nucleic Acid Separation: Essential for the isolation and purification of nucleic acids in molecular biology research 

and diagnostics. 
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Conclusion 

In conclusion, the broad field of chromatography is fundamental to the field of analytical chemistry and deals with the 

separation and analysis of complex mixtures in complex ways. Its underlying principles, from distribution and adsorption to 

ion exchange, size exclusion and affinity, highlight its versatility in various scientific fields.  

This comprehensive overview focuses on various chromatography techniques tailored to specific applications and separation 

requirements. From basic methods such as column chromatography, paper chromatography, and thin layer chromatography 

to advanced techniques such as ion exchange chromatography, HPLC, and affinity chromatography, a variety of approaches 

improve the adaptability and precision of chromatography. is shown.  

The impact of chromatography goes beyond simple separation. Acts as a quantitative analysis tool, facilitating accurate 

analysis and quality control. The continued development of chromatography technology, coupled with innovations in 

integrating it with mass spectrometry and automation, promises to improve the efficiency and precision of scientific research 

and industrial processes.  

Applications of chromatography in pharmaceuticals, environmental analysis, forensics, molecular biology, and more confirm 

the essential role it plays in advancing scientific research and ensuring accurate analysis. As technology advances, 

chromatography remains at the forefront, supporting researchers and industry alike in the pursuit of scientific excellence and 

accurate analytical results. 
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