
www.wjpr.net      │     Vol 13, Issue 20, 2024.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

Jagtap et al.                                                                         World Journal of Pharmaceutical Research 

 

313 

 
 
 

EXPLORING CHROMATOGRAPHIC TECHNIQUE: PRINCIPLE, 

INSTRUMENTATION AND ITS APPLICATION 

 

Trupti Jagtap*, Muskan Mujawar, Sabiya Mulani, Abhijit Mande and Omkar Gaikwad 

 

Department of Pharmacy, Baramati College of Pharmacy, Barhanpur, Baramati, Pune Dr. 

Babasaheb Ambedkar Technological University, India.  

 

ABSTRACT 

This review covers the fundamentals and applications of 

chromatographic techniques in drugs specifically HPLC, GC, TLC, ion 

exchange chromatography and Column Chromatography. Their 

mechanisms of separation and their application in drug development 

formulation analysis pharmacokinetic studies and biopharmaceutical 

characterization are also discussed. A comprehensive overview of the 

critical influencing factors in chromatographic performance, including 

mobile-phase composition, stationary-phase characteristics, operating 

conditions, detector sensitivity, and sample preparation methods, which 

are essential to obtaining robust results for analysis, is also included. 

 

KEYWORDS: Their mechanisms of separation and their application 

in drug development formulation analysis pharmacokinetic studies and 

biopharmaceutical characterization are also discussed. 

 

INTRODUCTION 

Chromatographic techniques have totally transformed pharmaceutical  

analysis, providing powerful tools for identifying, separating, and quantifying the complex 

mixtures that are vital to both discovery and quality assurance in drugs as well as regulatory 

compliance. These techniques, developed to meet diverse analytical needs within the 

pharmaceutical industry, are grounded in concepts of differential partitioning and interaction 

between the analyte and the stationary/mobile phases. 

 

Chromatography, in pharmaceutical sciences, has from simple quality evaluation of 

formulations for drugs to the complex investigation of drug metabolism, pharmacokinetics, 
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and bioavailability. Chromatography achieves the exact separation of closely related 

compounds, including active pharmaceutical ingredients (APIs), impurities, degradation 

products, through employing the specific properties of stationary phases such as silica, 

polymers, or specifically designed ligands, and mobile phases from aqueous buffers to 

organic solvents and gases. 

 

This review explores the principles and operational mechanisms of the most significant 

chromatographic techniques used in pharmaceutical analysis. High-Performance Liquid 

Chromatography (HPLC) stands out, due to its versatility and high resolution, as a backbone 

for quantitative analysis and impurity profiling in drug formulations. Gas Chromatography 

allows for exceptional sensitivity to volatile compounds, making it an indispensable tool in 

the analysis of residual solvents and volatile impurities. Though so simple, thin-layer 

chromatography yet occupies an invaluable position in the preliminary screening and 

qualitative analysis work of pharmacies. Separation and quantitation of ions and polar 

molecules is the specialty of Ion Chromatography and is the key to drug stability and 

assessment of the effects of environmental factors on pharmaceutical products. During the 

review, important factors that affect the performance of chromatography are addressed. These 

include the optimization of the composition of the mobile phase, the selection of the right 

stationary phases, tuning of operational parameters, including temperature and flow rates, 

improvement of detector sensitivity, and better sample preparation. Such factors guarantee 

repeatable, precise, and reliable chromatographic data. This, in turn, is related to regulatory 

compliance, pharmaceutical development, and proper decision-making. 

 

I. HPLC 

Principle of HPLC 

Complex mixtures can be separated, as well as quantitated using the effective analytical 

technique known as High-Performance Liquid Chromatography (HPLC). This technique 

operates according to the principles of differential partitioning of an analyte between a mobile 

liquid phase and a stationary phase at high pressure. The main features of HPLC are. 

• Stationary phase: There is normally solid support material functionalized with different 

chemical groups like amino for polar interactions and C18 for non-polar interactions in this 

phase. This gives the chemically selective interaction between the analytes and the stationary 

phase due to their composition. 
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• Mobile Phase: A solvent mixture or liquid that moves through the stationary phase. The 

properties of the analyte and conditions of separation determine whether mobile phase is 

water, organic solvents, or their combinations is desirable. 

 

Instrumentation 

The HPLC instruments generally involve the following parts. 

 

1. Column 

o Analytical Column: The stationary phase is packed in a stainless-steel column over a 

wide range of sizes regarding length, diameter, and particle size. Columns are selected as 

per the type of analysis and scale of separation desired. 

o Guard Column: Protects the analytical column from degradation and contamination by 

trapping impurities before they are able to reach the analytical column. 

2. Pump: Creates and controls the flow of the mobile phase to the column. HPLC pumps 

operate at extremely high pressure, typically between 3000-6000 psi, as such pressures ensure 

suitable flow rates for a separation. 

3. Injector: This is the device that introduces the sample into the stream of mobile phase 

entering the column. Sample injection modes range across all such injectors from manual to 

automated injections by autosamplers that ascertain the reproducibility of sample injections 

and minimize carryover between injections. 

4. Detector: These measure the eluent which has come out of column and gives response 

proportional to concentration of analytes. Available in forms are UV-Vis detectors for UV-

absorbing compounds, fluorescence detectors for fluorescent compounds, mass spectrometers 

for high sensitivity with specificity. 

5. Data System: These collect and analyze data coming from a detector that is usually 

interfaced with the software meant for data processing and analysis. 

6. Latest HPLC systems will include such additional components as temperature-regulating 

columns, gradient elution systems for the more difficult separations, and more detectors for 

increased ability to detect. 

 

Parameters Affecting HPLC Separation 

some parameters influence the efficiency and effectiveness of HPLC separations 

 Composition of Mobile Phase: The choice and composition of the mobile phase do 

significantly influence separation efficiency. Such parameters as solvent type, pH, 
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concentration of buffer, and content of organic modifier, influence analyte retention, 

selectivity, and peak shape. 

 Properties of the Stationary Phase: The stationary phase selection will depend on particle 

size, pore size, and surface area, as well as functional groups that are present, which 

determines the interaction between the analyte and the separation efficiency. All different 

types of stationary phases give the user different amounts of selectivity and resolution. 

 Column Temperature: Temperature will be affecting both the viscosity of the mobile 

phase as well as the diffusion rates of analytes across the stationary phase, thereby 

affecting the retention times and the separation efficiency. Controlled temperature 

conditions will enhance the reproducibility and stability of chromatographic runs. 

 Flow Rate: it is the rate at which the mobile phase flows downwards in the column and 

affects the separations characteristics along with resolving power and analysis time. Flow 

rate need optimization such that it offers a balance between speed of analysis and 

chromatographic performance ensuring peak symmetry along with resolution. 

 Detector Characteristics: The type of detector employed like UV -Vis, fluorescence, mass 

spectrometry, and its settings wavelength and sensitivity determine the detection limit, 

linearity and quantification accuracy; response factors of a detector and noise levels get 

reflected in the signal-to-noise ratios and quality of data generated. 

 Gradient Elution Gradient elution techniques are the optimization, over time, of the 

composition of the mobile phase to obtain maximum separation of complex mixtures. 

Gradient profiles are tailored according to analyte characteristics and separation goals for 

improved resolution and peak capacity. 

 Sample Preparation: Suitable preparation techniques of samples comprise extraction and 

filtration, along with derivatization to ensure that the analytes will be available in a form 

suitable for injection into the chromatographic column with minimal interactions by the 

matrix effects and for maximal chromatography performance. The knowledge and 

optimization of these parameters have proved to be important considerations in the design 

of robust HPLC methods required for pharmaceutical analysis with correct and precise 

results. These are separations necessary and capable of being controlled by the analyst to 

distinguish high resolution separations, which are quite important for the quantification of 

a drug substance, impurities, and degradation products during the development of drugs, 

quality control, and regulatory compliance. 
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Application 

1. Pharmaceuticals 

 Drug Development and Quality Control: HPLC is applied in the test for purity of drugs, 

identification of active ingredients, and ensuring that the formulation meets the 

regulation. 

 Pharmacokinetics: It is instrumental in understanding the absorption, distribution, 

metabolism, and excretion of drugs in the body. 

2. Environmental Analysis: 

 Water and Soil Testing: HPLC can detect pollutants and contaminants in water and soil 

samples, like pesticides, heavy metals, and industrial chemicals. 

 Air Quality Monitoring: It is used to test the air samples for VOCs and other pollutants. 

 

3. Food and Beverage Industry 

 Quality Control: HPLC is used in the analysis of the food products for their quality and 

safety by the identification of additives, preservatives, and contaminants. 

 Nutritional Analysis: It helps in the estimation of the number of vitamins, amino acids, 

and other nutritional constituents present in food and beverages. 

 

4. Clinical Diagnostics 

 Biomarker Detection: HPLC is used for the identification and quantitative analysis of the 

biomarkers identified in blood, urine, and other biological samples based on the diagnosis 

of diseases and health conditions. 

 Metabolic Profiling: It helps in metabolic profiling to understand metabolic disorders and 

other health issues. 

 

II. Gas chromatography 

Principle of Gas Chromatography 

Gas chromatography is the separation of compounds as a consequence of differential 

partitioning between a stationary phase, which is usually in the form of a thin layer of liquid, 

or a polymer, and a mobile phase, that is an inert gas in most cases. The basic principle 

involves. 

•Mobile Phase: A mobile phase consists of an inert gas, such as helium, nitrogen, or 

hydrogen, that carries the vaporized sample through the column. 
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• Column Stationary Phase: The stationary phase is any liquid or solid material coated onto or 

packed inside the column. As its components pass through the column, they interact 

differently with the stationary phase; hence, they separate. 

• Sample Injection: In most GC applications, the sample is introduced into the GC system. 

This is usually done by using a syringe, which injects the sample vaporizing it directly into 

the carrier gas stream. 

• Column Separation: Carrier gas carries the sample across a column that is filled with 

stationary phase. Analytes will have varying affinities for the stationary phase, which implies 

that they get separated by differing velocities of movement in the column. 

•Detection: As analytes are coming out from the column, they pass through a detector that 

measures their presence and concentration. Common detectors include flame ionization 

detectors (FID), thermal conductivity detectors (TCD), and mass spectrometers (MS). 

• Retention Time: Retention time is the time a compound takes to travel through the column 

to the detector. It will be specifically retained for identification and quantification purposes. 

 

Instrumentation 

1) Carrier Gas Supply 

 Function: The function of carrier gas is to supply the mobile phase throughout the 

column. 

 Normal Gas: Helium (He), Nitrogen (N₂), Hydrogen (H₂). 

 Regulators and Flow Meters: These regulate pressure and also control the amount of flow. 

 

2) Sample Injection System 

 Types 

o Syringe Injector: Hand injection by syringe to inject the sample into the heated injector 

port. 

o Autosampler: Automated multiple injection of samples in order. 

o On-Column Injector: Injects the sample right into the column. It does not have the sample 

pass through a heated port. 

 Function: Allows for the accurate and precise injectability of the sample into the carrier 

gas stream. 
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3) Injector Port 

 Function: Heats the sample so that it is converted to vapour, thus bringing it into contact 

with the carrier gas. 

 Components. 

o Heated vaporizer: retains a temperature at which vaporization will be controlled. 

o Injection valve or needle: inserts the sample in to the stream of carrier gas. 

 

4) Chromatographic Column 

 Function: Separates the sample into its components depending on their interactions with 

the stationary phase. 

 Types. 

o Capillary columns: Narrow columns with a thin layer of stationary phase for high-

resolution separation. 

o Packed column: Cartridges filled with phase material for more considerable sample 

capacities. 

 Dimensions: Length (typically 1–60 meters) and inner diameter (usually 0.1–0.53 mm for 

capillary columns). 

 

5) Oven 

 Function: Controls the temperature of the column to achieve maximum separation of 

components. 

 Temperature Programming: It increases the temperatures in a gradual manner during the 

analysis in order to get effective separation. 

 

6) Detector 

 Function: Eluted components from the column are detected as well as quantified. 

 Types. 

o Flame Ionization Detector (FID): Detects compounds based on ionization in a flame. 

Sensitive to hydrocarbons. 

o Thermal Conductivity Detector (TCD): Measures changes in thermal conductivity. 

Detects a wide range of compounds. 

o Mass Spectrometer (MS): Provides molecular weight and structural information. Often 

used in conjunction with GC (GC-MS). 
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o Electron Capture Detector (ECD): Sensitive to electronegative compounds, such as 

halogenated compounds. 

 

7) Data System 

 Function: The system produces data from the detector and processes it. 

 Components. 

o The Chromatograph Software: Produces and interprets chromatograms. 

o the computer: GC system controller and data base. 

 

8) Gas Controls and Purification 

 Function: Regulates and cleans the carrier gas. 

 Components. 

o Pressure Regulators: Maintain desired pressure. 

o Flow Meters: Measure and control flow rate. 

o Gas Purifiers: Remove impurities from the carrier gas. 

 

Parameters Affecting GC Separation 

Several factors influence the separation efficiency and resolution in GC. 

 Column Temperature: The change in the column temperature influences the distribution 

of the analytes between the mobile phase and the stationary phase. Generally, a high 

column temperature decreases the retention times but can increase the efficiency of 

separation. 

 Carrier Gas Flow Rate: The flow rate at which the carrier gas travels in the column 

determines the analysis time and resolution. A too high flow rate may bring down 

resolution. 

 Length and Diameter of the Column: Longer columns are generally more resolving but 

require a longer analysis time. Smaller columns have higher resolution but a higher 

carrier gas pressure is required. 

 Stationary Phase: The separation is affected by a selective retention of the analytes in a 

specific phase, be it a liquid or a solid. 

 Injector Temperature: Peak shapes and resolution will be dependent upon vaporization 

temperature and injection. 

 Detector Choice: Depending on the detector selected, sensitivity and selectivity may 

influence detection limits and types of compounds to be analysed. 



www.wjpr.net      │     Vol 13, Issue 20, 2024.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

Jagtap et al.                                                                         World Journal of Pharmaceutical Research 

 

321 

 Choice of Carrier Gas: The choice of carrier gas, for instance helium or nitrogen, decides 

the efficiency of separation and detector response. 

 

Applications 

Gas chromatography is widely used in various fields such as pharmaceuticals, environmental 

analysis, forensics, food and beverage testing, and petrochemical analysis due to its ability to 

separate and quantify complex mixtures with high sensitivity and precision. 

 

III. Ion exchange chromatography 

Principle of Ion Exchange Chromatography 

Ion Exchange Chromatography is based on the ionic interactions between charged particles. 

The basic elements are. 

 Stationary Phase: These are resin beads packed in a column, having functional groups that 

are capable of ion exchange with the sample. The resin is usually a polymer matrix; it can 

be either 

o Cation Exchange Resin: Negative functional groups to attract positive ions, or cations. 

o Anion Exchange Resin: Positive functional groups that attract negative ions, or anions. 

 Mobile Phase: A buffer solution that carries the sample through the column. The 

formulation and pH of the buffer are the factors of influence for the ion exchange process 

and component separation. 

 Ion-Exchange Mechanism: Ions interact with the stationary phase through their charge. 

The more ions that are attracted to the stationary phase, the tighter they will bind and the 

slower they will elute through the column, and ions that have a lesser affinity will elute 

faster. 

 Elution: Elutes the bound ions out of the column through a change in the composition or 

concentration of the mobile phase, often as a gradient or stepwise increase in ionic 

strength. 

 

Instrumentation of Ion Exchange Chromatography 

1. Column 

o Function: Contains the stationary phase where ion exchange occurs. 

o Types 

 Cation Exchange Columns: Filled with resin that has negatively charged groups. 

 Anion Exchange Columns: Filled with resin that has positively charged groups. 
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o Dimensions: Vary in size depending on the application, ranging from analytical columns 

(e.g., 4.6 mm ID) to preparative columns (e.g., 25 mm ID or larger). 

 

2. Sample Injection System 

o Function: Takes the sample to the mobile phase 

o Types 

 Rotary Injectors: By the use of a syringe, introduces a known volume of sample 

 Autosamplers: Carries out sample introduction automatically, hence raising throughput 

and reproducibility 

 

3. Mobile Phase Reservoirs 

o Function: Supplies buffer solutions required in elution of the sample off the column. 

o Components: Often supplied with degassing systems, in order to remove dissolved gases 

which may effect the chromatography. 

 

4. Pump 

o Function: Often supplied with degassing systems, in order to remove dissolved gases 

which may effect the chromatography. 

o Features: To get a reproducible flow rate and separation conditions, precision pumps are 

required. 

 

5. Detector 

o Function: Determines the concentration of eluted components and converts it into a 

signal. 

o Types: 

 UV-Visible Absorption Detector: Measures absorbance of UV or visible light, commonly 

used for proteins and nucleic acids. 

 Conductivity Detector: Measures the ionic strength of the eluent, useful for detecting ions 

and salts. 

 

6. Data System 

o Function: Collects, processes, and analyzes the data from the detector. 

o Components: 

 Chromatograph Software: Generates chromatograms (plots of detector response versus 

time) and performs data analysis. 



www.wjpr.net      │     Vol 13, Issue 20, 2024.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

Jagtap et al.                                                                         World Journal of Pharmaceutical Research 

 

323 

 Computer: Controls the instrument and stores data. 

 

7. Regulators and Flow Controllers 

o Function: Maintain the desired flow rate and pressure of the mobile phase. 

 

Parameters Affecting Ion Exchange Chromatography Separation. 

Several factors influence the separation efficiency and resolution in ion exchange 

chromatography. 

 pH and Ionic Strength of Mobile Phase: pH changes the charge state of both analytes and 

stationary phase functional groups. Ionic strength, in this case, referring to the 

concentration of buffer solution, affects the strength of electrostatic interactions between 

analytes and stationary phase. 

 Type of Ion Exchange Resin: Varied resins have different charge densities and capacities 

resulting in differing specificity and separation resolution. 

 Flow rate: The flow rate of the mobile phase affects retention time and also resolution. 

More flow rate may reduce resolution but may decrease analytical time. 

 Temperature: Temperature influences the viscosity of the mobile phase, which will affect 

how analytes interact with the stationary phase. 

 Sample loading: Sample loading, being the amount as well as the concentration injected 

into the column, will influence peak shape, resolution, and sensitivity to detection. 

 Column Length and Diameter: Longer columns usually provide a higher resolution but 

also often entice very high pressures and long analysis times. 

 Gradient Profile: The gradient slope and duration used for elution influence the selectivity 

and resolution of the separation. 

 

Applications 

1. Biotechnology and Biochemistry 

 Protein Purification: Separate proteins based on their net charge. It is crucial in the 

isolation and identification of proteins 

 Separation of Nucleic Acids: Separate DNA and RNA based on their charge behaviour. 

 

2. Pharmaceuticals 

 Drug Analysis: It observes charged pharmaceutical active ingredients along with the 

impurities that are present in it. 

 Quality Control: It ensures the purity and uniformity of the drug product. 
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3. Environmental Analysis 

 Water Testing: Detects and quantifies ionic contaminants such as heavy metals, nitrates, 

and other pollutants in water samples. 

 

4. Clinical Diagnostics 

 Electrophoresis: Often used in conjunction with IEC to separate and analyze charged 

biomolecules from clinical samples. 

 

IV. Column chromatography 

Principle of Column Chromatography 

Column Chromatography is based on the principle of differential partitioning of components 

between a stationary phase and a mobile phase. The process involves. 

 Stationary Phase: This is the solid or liquid phase that stays in the column and interacts 

with the sample components to varying extents, thus causing separation based on their 

differential affinities. 

 Mobile Phase: This is a liquid or gas moving through the stationary phase and taking the 

sample components along. This is also determined based on separation choice. 

 Separation Mechanism: 

o Adsorption Chromatography: The components separate when adsorbed on the stationary 

phase. Polar components more strongly stick to a polar stationary phase and elute later. 

o Partition Chromatography: Elements are separated based on their partitioning in between 

a static liquid phase and a mobile liquid phase. This is very common for reverse-phase 

chromatography where a hydrophobic stationary phase is employed. 

o Ion Exchange Chromatography: A mode of column chromatography where separations 

depend on ionic interactions between components and charged groups on the stationary 

phase. 

 Elution: The components of the mixture are eluted from the column at different rates 

based on their interactions with the stationary phase and mobile phase, leading to 

separation. 

 

Instrumentation of Column Chromatography. 

1. Column 

o Function: Stationary phase is contained herein where separation takes place. 

o Types: 
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 Normal Phase Columns: Polar stationary phases are used herein and are dedicated for the 

separations of non-polar compounds. 

 Reverse Phase Columns: Non-polar stationary phases are used herein and dedicated for 

the separations of polar compounds. 

 Ion Exchange Columns: Filled with ionic resins and are used for separating charged 

species. 

o Dimensions: Vary widely depending on the application, from analytical columns (e.g., 4.6 

mm ID) to preparative columns (e.g., 25 mm ID or larger). 

o Packing Materials: Include silica gel, polymer resins, or other materials, each selected 

based on the desired separation properties. 

 

2. Sample Injection System 

o Function: Introduces the sample into the column. 

o Types: 

 Manual Injectors: Uses a syringe or pipette to introduce the sample. 

 Autosamplers: Automated system of handling samples to inject a series of samples, which 

enhances the reproducibility and efficiency. 

 

3. Mobile Phase Reservoirs 

o Function: They hold the solvents used for elution of sample from the column 

o Components: These are mainly furnished with degassing systems to prevent bubbles from 

being formed in it. 

 

4. Pump 

o Function: This is the pump to deliver the mobile phase to the column at a constant flow 

rate. 

o Types: High-pressure pumps for HPLC, low-pressure pumps for standard column 

chromatography. 

 

5. Detector 

o Function:  It measures the concentration of the eluted components and produces a signal. 

o Types: 

 UV-Visible Detector: Measures absorbance of UV or visible light. 

 Refractive Index Detector: Measures changes in the refractive index of the eluent. 

 Fluorescence Detector: Measures fluorescence emitted by the sample components. 
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 Mass Spectrometer (MS): Provides detailed molecular information (often used in 

conjunction with chromatography, e.g., LC-MS). 

 

6. Data System 

o Function: Collects and analyzes data from the detector. 

o Components. 

 Chromatograph Software: Generates chromatograms and performs data analysis. 

 Computer: Controls the chromatographic system and stores data. 

Parameters Affecting Column Chromatography 

 Column Dimensions 

o Effect: The length and diameter of the column directly impact resolution and capacity. 

Generally speaking, increasing column length and concomitantly decreasing diameter 

increases separation but increases backpressure. 

 Mobile Phase Composition 

o Effect: Solvent and solvent ratio selection in the mobile phase will impact the stationary 

phase-sample component interaction and their elution order. Gradient elution-that is, 

change in the mobile phase composition with time-can also increase resolution. 

 Flow Rate 

o Impact: The speed of the mobile phase in the column determines the efficiency of the 

separation. Faster speeds decrease the analysis time but decrease resolution. Slower 

speeds increase resolution but increase analysis time. 

 Column Temperature 

o Impact: Temperature is controlled both by the viscosity of the mobile phase and by 

interactions between components in the sample and the stationary phase. For reliable 

results to be generated, uniform temperature must be achieved. 

 Stationary Phase Properties 

o Effect: The type of stationary phase Polar, Non-polar or Ionic will determine the 

mechanism of separation. It relies on the chemical nature of the sample constituents. 

 Sample Volume and Concentration 

o Effect: Sample volume and concentration determines the peak shape and separated. 

Overloading column and distortion of peaks sometimes lowers the resolution. 

 pH of the Mobile Phase 

o Effect: The pH of the mobile phase might affect the ionisation state of the sample 

components and their relationship with the stationary phase. 
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Column Chromatography Applications. 

1. Chemical Synthesis and Purification 

 Purification: Separates and purifies chemical compounds from mixtures, highly relevant 

in chemical synthesis and drug discovery. 

 Isolation: Separates compounds for further analysis or use. 

 

2. Biotechnology and Biochemistry 

 Protein Purification: Separates proteins based on size, charge, or affinity. Most of the 

time, it is made up of chromatography types, such as affinity chromatography, ion 

exchange chromatography, or even size exclusion chromatography. 

 Nucleic Acid Purification: Pure DNA and RNA are separated based on size and charge. 

 

3. Pharmaceuticals 

 Drug Development: Pure DNA and RNA are separated based on size and charge. 

 Quality Control: Ensures the purity and potency of drug products. 

 

4. Environmental Analysis 

 Pollutant Detection: Separates and quantifies environmental pollutants such as pesticides, 

herbicides, and heavy metals in water, soil, and air samples. 

 

5. Food and Beverage Industry 

 Quality Control: Tests on food and beverages ingredients, including preservatives, 

additives, and contaminants. 

 Nutritional Analysis: Measures vitamins, fatty acids, and other nutrients. 

 

6. Clinical Diagnostics 

 Biomarker Analysis: Separates and quantifies biomarkers in biological fluids for disease 

diagnosis and monitoring. 

 Metabolomics: Focuses on metabolic profiling to elucidate health and disease states. 

 

7. Chemical Research 

 Compound Separation: Separates and analyzes complex mixtures of chemicals in research 

and development. 
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V. Thin Layer Chromatography 

Principle of thin layer chromatography 

TLC is distinguished by the fractionation of substances using differential partitioning 

between a stationary phase and a mobile phase. 

 Stationary Phase: A thin layer of adsorbent substance (such as silica gel, alumina) coated 

onto a flat backing (usually glass, plastic, or aluminium). 

 Mobile Phase: A solvent or solvents which moves through the stationary phase by 

capillary action. 

 Separation Mechanism: Compounds in the sample interact differently with the stationary 

and mobile phases. Depending on their affinity for the stationary phase versus the mobile 

phase, they travel different distances up the plate, leading to their separation. 

 Partition Coefficient: The separation is often described by the partition coefficient, which 

is the ratio of the concentration of a compound in the stationary phase to its concentration 

in the mobile phase. 

 Retention Factor (Rf): The Rf value for each compound is obtained as the ratio of the 

distance traveled by the compound to the distance traveled by the solvent front. The Rf 

value is compound-specific under specific conditions and is used for identification. 

 

Instrumentation 

1. TLC Plates: Commonly, the plates are flat sheets coated with a thin layer of an adsorbent 

material. The common adsorbents used are. 

o Silica Gel: Ordinarily used for normal-phase chromatography. 

o Alumina: Used for many separations. 

o Cellulose: Available only for specific applications. The plates may be obtained pre-

coated, or may have to be coated in the laboratory. 

2. Developing Chamber: A container in which the TLC plate is placed in contact with a 

small amount of solvent. It may be a simple jar or a particular chamber equipped to 

control the conditions. The chamber helps ensure the uniform development of the plate. 

3. Micropipettes or Capillary Tubes: Used to apply the sample to the TLC plate. 

o Spotters or Syringes: For precise application of samples onto the plate. 

4. Visualization Equipment: Depending on the nature of the compounds: 

o UV Lamp: For compounds that absorb UV light, such as aromatic compounds. 

o Chemical Reagents: Such as iodine vapours, ninhydrin, or specific staining reagents to 

make the spots visible. 
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5. Ruler or Scanner: To measure the distances traveled by the compounds and the solvent 

front. In modern TLC, scanners are employed to capture and analyze the plates. 

Parameters Affecting TLC Separation 

 Stationary Phase: The type and thickness of the adsorbent layer have a significant effect 

on the separation. Various adsorbents have different interactions with the compounds. 

 Mobile Phase Composition: The speed at which the compound moves is determined by 

the solvent or mixture of solvents used. The choice of the mobile phase polarity should be 

based on the type of compound separated. 

 Development Time: The separation resolution and the time for which the plate may be 

allowed to develop can depend upon each other. Too long or too short a time taken for 

development can result in poor separation. 

 Plate Saturation: Better and consistent separation is ensured by proper saturation of the 

mobile phase vapour in the developing chamber. 

 Temperature and Humidity: Environmental factors that influence the movement speed of 

the solvent and the separation process depend on the conditions; constant conditions are 

preferred for reproducibility. 

 Sample Application: The quantity of sample applied to the plate may be related to the 

volume and concentration. Overloading may result in an overlapping of spots while too 

little sample might result in weak or undetectable spots. 

 Solvent Front Movement: The distance moved by the solvent front should be measured 

with high accuracy since it will be used for calculation of Rf values. 

 

Applications of thin layer chromatography 

1) Qualitative Analysis: 

 Separation of Compounds: TLC is used for the identification of compounds on 

comparison with Rf values of known standards. 

 Purity Testing: This can be calculated by counting the number of spots or bands. 

2) Pharmaceuticals: 

 Drug Analysis: It detects the presence and quantity of drugs and their metabolites. 

 Quality Control: They ensure uniformity and quality of pharmaceutical products. 

3) Biochemistry: 

 Protein and Peptide Analysis: Separating and identifying proteins and peptides based on 

their size and polarity. 

 Nucleic Acid Analysis: Monitoring DNA or RNA fragments in various applications. 
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4) Environmental Analysis: 

 Detection of Pollutants: Quantification of pollutants in environmental samples such as 

soil and water are covered by this analysis. 

 

CONCLUSION 

In sum, chromatography is an important analytical technique based upon separations through 

partitioning between stationary and mobile phases. Improvements in instrumentation have 

enhanced sensitivity and efficiency, but what those are in terms of effect on separations—

phase composition, temperature, and flow—are all necessary to optimally produce results. 

This ubiquity-from pharmaceuticals to environmental science and food safety-consolidates its 

place as being important in both the research context and control. Keeping in mind the steady 

flow of innovations in the field of technology, chromatography will continue to advance, and 

thereby, deepen its importance in dealing with complex analytical problems. 
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