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Abstract:  In pharmaceutical analysis, chromatography is a crucial analytical method that is extensively utilized to separate, 
determine, and measure the components of complicated mixtures. An outline of the basic ideas, historical evolution, and diverse 
uses of chromatography in the pharmaceutical and related sectors is given in this review. Chromatography, which began with 
Tswett's groundbreaking discovery in 1906, has developed into a flexible technique that uses both stationary and mobile phases 
for separation. The mechanics, guiding principles, and unique uses of techniques such as Gas Chromatography (GC), Liquid 
Chromatography (LC), (TLC), (HPLC), and High-Performance Thin Layer Chromatography (HPTLC) are thoroughly 
examined. The review explores the importance of immiscible phases in accomplishing selective molecule separation as well as 
partition and adsorption as the main separation methods. 
Applications cover a extensive range of domains, including as food safety, forensic science, environmental monitoring, quality 
control, and drug development. Chromatographic techniques have become essential for evaluating the purity of pharmaceutical 
products, guaranteeing their safety, and complying with regulatory requirements thanks to the integration of technological 
breakthroughs. The diversity of chromatography and its vital function in analytical research and industry are highlighted by this 
thorough study. 
Keywords: chromatographic separation technique; thin layer chromatography; paper chromatography; HPLC; Gas 
chromatography; HPTLC; application.      
 

I. ANALYTICAL TECHNIQUES 
Pharmaceutical analysis uses analytical techniques to determine and measure the constituents of pharmaceutical product.  
These techniques ensure that medications are safe, effective, and high quality. Here is a brief rundown of several fundamental 
methods:  

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue I Jan 2025- Available at www.ijraset.com 
      

334 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

II. INTRODUCTION 
Chromatography: A widely utilized method for classifying and identifying species in biological, inorganic, and organic materials. 
utilized to separate component mixtures. elimination of contaminants. 
The Russian scientist Tswett (1906) is credited with coining the term chromatography. He described the process of extracting 
various coloured elements from leaves using an appropriate solvent and then running the extract through a column consisting of 
sucrose, calcium carbonate, and alumina. The Greek term "chromon," which means "colour," is where the word "chromatography" 
originated. Chromatography is defined by the International Union of Pure and Applied Chemistry (I.U.P.A.C.) as a physical 
technique for separating mixture components. The components that need to be separated are split between the stationary phase and 
the mobile phase, according to I.U.P.A.C. A stationary phase can take many different forms, although it is often a column. A 
suitable liquid serves as the mobile phase .  
These days, chromatography is a very versatile technique; 
GC, LC, and TLC are the methods that chromatography can use to separate gases and volatile compounds; LC can separate 
involatile chemicals and materials with very high molecular weight, including biopolymers; and TLC can separate things very 
cheaply if needed. Because of their shared characteristics, all three methods—GC, LC, and TLC—are categorized as 
chromatography systems. 
 

III. DEFINITION 
chromatography, which is more precisely described as a physical technique of separation that allows a mixture of substances to be 
separated, isolated, and purified into distinct molecules that have varying rates of distribution based on 1. Solubility 2. Affinity 
(whether the molecules are polar or not) 3. Interaction with fixed material (the stationary phase, which we shall define later): The 
mixture's constituent parts are distributed in the space between the mobile and stationary phase, which travels in a predetermined 
direction at different speeds. The definition of chromatography is as follows: chromatography is the procedure of separating 
elements that make up a combination by dividing them between two stages, mobile and stationary phase. 
Any chromatographic separation method needs to have these three essential components: 1. The Mobile phase 2. The Sample   3. 
The stationary condition . 
 

IV. PRINCIPLE 
Two immiscible drugs are utilized to break down a combination into its constituent parts. These are the stationary phase (which 
could be either a liquid or a solid) that adsorbs the mixture's components and the mobile phase (which could be either a liquid or a 
gas) that transfers the mixture's components to it as it passes through the stationary phase. The mixture's constituent parts are moved 
at various speeds. Along with the moving phase, the weakly adsorbed component moves faster and the strongly adsorbed 
component moves more slowly. Consequently, as the mobile phase passes through the stationary phase differentially adsorbed 
components are separated. 

 
Fig.1: Basic figure of chromatography 
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Table.1:  Types of Chromatography 
  
 
  
 
 
 
 
 
 
 
 
 

V. TYPESCHROMATOGRAPHY 
Chromatography can be of different type depending on the process of either adsorption or partition.  
This method divides a mixture of substances into a moving solvent (movable phase) and a stagnant liquid phase (held on an 
appropriate solid support). Liquid-liquid chromatography is the term for chromatography in which the moving phase is a liquid. 
Gas-liquid chromatography is the term for chromatography in which the moving phase is a gas. Using cellulose or moist silica gel, 
liquid-liquid chromatography is the previous method of chromatography. Paper chromatography and thin layer chromatography are 
two examples. If the adsorbent is arranged into columns, the process is referred to as column chromatography. In each of these 
chromatographic methods, the medium serves as a water support.  
Different types of chromatography are summarised in above Table 1. 
 
A. Paper Chromatography 
One kind of partition chromatography is paper chromatography in which two liquid are used and the components are distributed 
between them.one liquid is stationary phase (mostly water) that remain in paper, and the other liquid is the movable phase 
(development solvent). In partition chromatography, the water that is polarly adsorbed on the paper functions as the phase that is 
stationary for the 2D plate, and the movable and stagnant phases are both liquids. After the sample has been lysed, place it in a little 
spot 0.5 inches from the filter paper's edge and let it dry. The end nearest to the sample is in touch with the solvent and moves up 
and down by capillary action, holding the dry spot in the front end of an air-saturated closed chamber (whether the ascending agent 
rises depends on the method of action). It is distinct. Because of the phase's increased viscosity, it travels down or along the paper. 
 
B. Thin Layer Chromatography 
Is based on the principal of adsorption chromatography or partition chromatography. Used for qualitative and quantitative 
determination. Non-volatile mixtures can be separated using a process called thin layer chromatography.  It is carried out on a TLC 
plate composed of a thin layer of adsorbent material covering a non-reactive solid. The material usually used is aluminium oxide, 
cellulose, or silica gel. Is founded on the principle of partition chromatography. 
                    
                  
 
 
 
 
 
 
 
 
 
 

Fig.2: Application of TLC 

Types of                  
chromatography 

Stationary     phase  Mobile phase      Principle 

Paper chromatography         Liquid           Liquid Partition 
Thin layer chromatography (TLC)          Solid           Liquid Partition 
Column chromatography          Solid           Liquid Adsorption 
Gas chromatography (GC)   Solid or liquid           Gas Separation 
High performance liquid 
chromatography (HPLC) 

          Liquid           Liquid Separation 

High performance thin   layer 
chromatography (HPTLC) 

       Liquid                 Liquid Separation 
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The technique was developed in 20th century and it is still getting evolved with the advancement of technology. 
In thin-layer chromatography, the movable phase is liquid, and the stagnant phase is a solid. These phases interact with a vast 
surface area to generate a solid liquid adsorption. The mobile phase (thin plate submerged in solution) is forced using the stagnant 
phase by capillary action.  Polarization of the material, the solid phase, and the solvent all influence this upward migration rate. In 
order to distinguish each faint platelet colour that does not show up on the chromatogram as a distinct peak, coloured chemicals can 
be employed.   
 
1) Principle of TLC 
The basis of TLC is founded on the variations in the capillary action and adsorption of various compounds contained in complicated 
mixtures. 
This method applies the sample to a thin coating of (silica gel or alumina) for the stagnant  phase, which is then bonded to a flat, 
inert support such as an aluminium plate, glass, or plastic. The loaded sample-filled stationary phase is thereafter submerged in an 
appropriate solvent called as the movable phase. Capillary action causes the liquid to rise in the thin stationary phase plate.  
 
C. Column Chromatography 
The column can have an open or packed tubular geometry, according to an outline of a three-dimensional shape model The 
stationary phase fills the wall and all of the columns accessible space when it packed. However, the open tubulars stationary phase is 
situated at the column sites.  When the mixture that has to be divided and the movable phase are injected from  the columns top , the 
constituent elements of the mixture travel at different speeds. 
    
                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       

Fig 3:Application of column chromatography 
 
D. Gas Chromatography 
This method of separation uses solid or liquid as the stagnant phase and a gas as mobile phase. If the stagnant phase is solid it is 
known as gas solid chromatography.  Sample components are divided on the based on partition chromatography.The gas used in gas 
chromatography must be non-reactive or inert. The parts are divided as vapours in gas chromatography, which sets it apart from 
other types of chromatography. As a result, it is employed in the gas phase to identify and segregate tiny weight of molecules. The 
sample is vaporized in the injection port and may be a gas or a liquid. Because helium is chemically inert and has a low molecular 
weight, it is commonly used as the movable phase in gas chromatography. The analyte is transfer through the column by the 
movable phase when pressure is applied.  
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Fig.4: Block diagram of a gas chromatography system 
 
E. High-Performance Liquid Chromatography (HPLC) 
The analytical method known as HPLC, is used to distinct, identify, or quantify each component in a mixture. Mixtures are 
recognized and quantified spectroscopically after being separated according to the fundamentals of column chromatography.   
His HPLC, which used metal columns suitable for high pressures, developed from LC column chromatography in the 1960s, which 
used glass columns suitable for low pressures.  
(HPLC), which is used to divided and analyse the constituents of liquid samples. 
1) Principle of   HPLC 
The purification area between the fixed and mobile phases is a separate column with a stationary phase consisting of a particulate 
matter composed of tiny porous particles additionally , a mobile phase made up of at a solvent or solvent mixture is run at under 
extreme pressure through a separation column . The specimen is injecting using a syringe into the movable phase flow that passes 
between the  separation column and the pump through a valve that is attached to the sample loop, which is a capillary or stainless-
steel tub. 

Fig.5: High Performance Liquid Chromatography Instrumentation 
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F. High-Performance Thin Layer Chromatography (HPTLC) 
HPTLC is an improved TLC approach that makes better use of the traditional TLC process. Since the phase that is stationary is 
employed as a flatbed-like surface, it is sometimes referred to as planar chromatography or flat-bed chromatography. 
1) Principle of HPTLC 
HPTLC operates on the same adsorption-based separation mechanism as traditional TLC. The capillary action is traversed by the 
movable phase. The affinities of the analytes for the (adsorbent) in the stationary phase determine how they migrate. Components 
that have a more affirmation for the stagnant phase move more slowly, whereas those that have a less affinity move more quickly. 
 

VI. APPLICATION OF CHROMATOGRAPHY 
1) In Pharmaceutical Applications: Assess duration of shelf life of pharmaceutical products. Determine which dosage forms' 

active ingredients are. Create an environment for pharmaceuticals. It is employed in the quality and purity testing of drugs.  
2) Material Sciences: This field is used to characterize materials, polymers, and nanoparticles. Inspection of quality 

pharmaceutical applications assess the shelf-life of pharmaceutical products.  
3) Life Sciences: It is employed in the process of sorting , recognizing , and measuring individual molecules from living samples.  
4) Quality control: Regarding applications in the environment Find diphenhydramine in samples that have been deposited. 

environmental biomonitoring. 
5) In the Medical Setting: Finding endogenous neuropeptides in extracellular fluids of the brai 
6) Food Industry: It is employed in the food quality testing and contamination detection processes. 
7) In the pharmaceutical industry: When identifying the existence of compounds or trace elements. This is also working in the 

division of compounds based on elemental composition and weight of molecules. in the purity of mixes and in the recognition 
of unfamiliar compounds. during the drug's development.  

8) In the chemical sector, polychlorinated biphenyls (PCBs) in oils and pesticides are among the many pollutants that are found 
using HPLC and GC.  

9) In the Food industry: In the recognition of additives and food spoilage. while analysing the nutrients in food both quantitatively 
and qualitatively.  

10) In Forensic Science: Hair and blood samples from crime scenes are analysed using this approach in forensic science. 
11) Environment Science: It is employed for recognition and analysis of pollutants . 
  

VII. CONCLUSION 
Chromatography is a basic analytical method that is utilized extensively in many different domains, such as environmental sciences, 
life sciences, material sciences, and medicines. It allows for the possibility of to divide, detected, and measure the constituents of 
intricate mixes. Analyte differential partitioning between a mobile and stagnant phase is the technique's foundation. Specific 
analytical demands are met by a variety of chromatography techniques, including Gas Chromatography (GC), Paper 
Chromatography, (TLC), Column Chromatography, (HPLC), and (HPTLC). 
Chromatography is versatile because it can handle a variety of samples, including liquids, solids, and gases, while maintaining 
accurate and effective separation. Its uses range from environmental monitoring and medicine quality control to food safety analysis 
and forensic investigations. Chromatographic techniques' constant development improves their sensitivity, effectiveness, and 
adaptability, guaranteeing their crucial place in the analytical sciences for many years to come. 
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