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Abstract- Chromatography is defined as the technique which is used to for separation of constituents in a mixture 

.The world chromatography is derived from the Greek word namely Chroma (colour) and graphene ( to write ) 

. Among all chromatographic techniques Now a days High performance liquid chromatography (HPLC) is 

widely used for Separation and  purification in various areas such as pharmaceutical, environmental, 

biotechnology, and food industries, etc.  

There are different types of chromatographic techniques which are paper chromatography, thin layer 

chromatography , gas chromatography, liquid chromatography, ion exchange chromatography, and high 

performance liquid chromatography (HPLC). 

Among all chromatographic techniques the HPLC is the most versatile , dependable, safest and fast 

chromatographic techniques for quality control as well as qualitative and quantitative analysis of drug 

compounds. 

The HPLC technique mainly involves the 2 phases one is stationary phase and another is mobile phase . It is 

accomplished by injection of small amount of liquid sample into mobile phase that is moving stream which passes 

through the column packed with particles of stationary phase. The constituent gets separated based on difference 

between partition coefficient of two phases  

The main objective of this review to  understand easily the Instrumentation, principle, types ,application of the 

High performance liquid chromatography. 
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INTRODUCTION 

In the 1960 the column chromatography with its low-pressure suitable glass columns were developed to HPLC with 

high pressure adapted metal columns. High performance liquid chromatography with its low-pressure suitable glass 

columns were developed to HPLC. Which is a specific form of column chromatography. HPLC is popular analytical 

technique which is used for Separation as well as Identification and Quantification of active compound in mixture. In 

past decade HPLC is became method of choice for analysis of the wide variety of the compounds. In HPLC analysis is 

done by injection of small amount of the liquid sample into the moving stream of liquid which is also called as Mobile 

Phase which passes through the column packed with particles of stationary phase And the detector that shows the 

retention time of that particular molecule. Retention time varies depending upon the interaction between stationary 

phase, the molecules that has to be analyzed and the solvent used. The nature of solvent used affect the choice of solvent, 

additives and gradient. Any miscible  Combination of water and organic solvent is used as solvent. HPLC depends on 

pumps to pressurized liquid solvent which contains sample mixture through a column field with solid absorbent material 

which causes different flow rate for different components and leading to separation. The sample to be analyzed is added 

in small quantities to the mobile phase stream and is slowed down by specific or chemical o Forget about the dish of. r 

physical interaction with stationary phase. The retention time is the time taken by a particular analyte to elute. Gradient 

elution have to been used to change mobile face composition during analysis. HPLC is operated at fundamentally high 

pressure i.e. 50 to 300 bar than conventional liquid chromatography which frequently relies on gravity to move portable 

stage through segment. The column section measurement of HPLC ranges from 2.1 MM to 4.6 MM and 30 to 250MM 

in length .HPLC can be attributed to the so many inherent features associated with the reproducibility, easy of selectivity, 

and generally high recoveries. 

 

Types of HPLC 

There are main 5 types 

1. Normal phase HPLC 

2.  Reversed phase chromatography 

3. Ion exchange chromatography 

4. Size exclusion chromatography 
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5. Bio-affinity chromatography 

 

1. Normal phase HPLC – 

In this method the separation of analyte is based on the polarity. 

In normal phase chromatography the mobile phase is used is polar and the stationary phase is non polar. 

Usually stationary phase is the silica and mobile face is Hexane, chloroform, methylene chloride, diethyl ether and 

mixture of this. 

Polar sample are retained for longer time than less polar material on polar surface of column packing. 

Increased in polarity of solute molecules results in increased absorption capacity leading to more elution time. 

Les polar components will elute first. 

 

2. Reversed phase chromatography – 

In this stationary phrase is non- polar and mobile phase is an aqueous, moderately polar. 

It works on principle of hydrophobic interaction so more non polar material will be retained for longer time.  Hence, 

here mostly polar compounds elute first. 

 

3. Ion exchange chromatography – 

In this type of chromatography the stationary phase is ionically charged surface which is opposite charged to sample 

ions. 

Is the charge on the sample is stronger, then stronger it will be attracted to the ionic surface. Which ultimately takes 

more time to the elute. 

Aqueous buffer is used as mobile phase which helps to control pH as well as ionic strength of the compound. 

This chromatographic technique has widely used for purifying water, ligand Exchange chromatography, Ion exchange 

chromatography of proteins. 

 

4. Size exclusion chromatography – 

Size exclusion chromatography is also known as gel permeation chromatography or cell filtration chromatography. It 

mainly separates partials on the basis of their molecular size. 

Large molecules get more rapidly post through the column; while the smaller molecules ended inside the porous of the 

packing particles for longer grade and elute later. 

This technique is widely applicable for the text ministration of molecular weight of the polysaccharides. 

Also, it is useful in determination that the tertiary structure as well as quaternary structure of proteins and amino acids 

present. 

 

5. Bio-affinity chromatography – 

In bio affinity chromatography the separation course one basis of specific reversible interaction of proteins with the 

ligands. 

Covalently attach to solid support on a bio affinity matrix; introduction to the column bound ligands. 

A)- Bio specific elution 

 It is inclusion of free ligand intellection buffer pitch computes with column bound ligands. 

B)- A specific elution- 

 A change in pH, salt, other factors that weaken the interaction of the  protein with the column bound substrate.Because 

of the specificity of the interaction, bio affinity chromatography can achieve very high purification in your single 

step(10-1000-fold). 

 

PRINCIPLE OF HPLC - 

The principle Is separation followed is the adsorption of solute on the stationary phase Based on affinity towards the 

stationary phase.  

HPLC works on the basic  principle that some molecules take longer time than others to pass through  A chromatography 

column. This depends on the affinity of the molecule with the mobile Phase (liquid or gas) and the stationary phase 

(solid or liquid). The ones that have more Affinity with the stationary phase take longer to pass through and vice versa. 

HPLC (high performance liquid chromatography) is a type of chromatography technique where the mobile phase is a 

liquid and the stationary phase is packed into a stainless steel Column at high pressure . The Efficiency is usually better 

when the particles size are smaller typically 5 um. 

A pump Is used to push the solvent through the column and a detector with a flow-through cell used to measure peaks 

of separated  compounds And the a computer with integration software collects the data and Help quantifying the 

components. 
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Components are separated from one another By the column packing that involves various chemical and/or Physical 

interactions between their molecules and the packing Particles. Hence, different constituents of a sample are eluted at 

different times. Thereby, the separation of the sample Ingredients is achieved.These separated components are detected 

at the exit Of this tube (column) by a flow-through device (detector) that  measures their amount. The purification of 

compound takes place in a separation column between a Stationary phase and a mobile phase.  

 Detection unit (e.g. UV detector) recognizes the analytes after leaving the column. The signals are Converted and 

recorded by a data management system (computer software) and then shown in a Chromatogram 

 

Instrumentation of HPLC- 

HPLC mainly consists of following 6 parts – 

1. Solvent reservoir / mobile phase 

2. Solvent delivery system / pump 

3. Injection of sample 

4. Column 

5. Detector 

6. Data collection device or integrator 

 

1. Solvent reservoir / mobile phase –  

In the class containers the content of mobile phones are present. 

In HPLC the mobile phase or the solvent is the mixture of polar and non  polar liquid components. 

According to the composition of the sample the polar and non polar solvents may get varied. 

The solvent is reach to reservoir to pump by the inlet line. 

 

2. Solvent delivery system – 

Here to generate and meter flow rate of mobile phase the high pressure pump is used. 

This high pressure pump suction the material of mobile phase from solvent reservoir and forces it to the column and 

then passes it to detector. 

Generally 42000 Kpa or 6000-9000psi is there operating pressure of pump which mainly depends upon column, 

dimensions, flow rate, particle size and composition of mobile phase. 

During the chromatography operation, a pump can give either an isocratic (constant mobile phase composition) or a 

gradient (rising mobile phase composition). 

 

3. Sample Injector – 

The injector can be solitary infusion or it can be computerized framework. 

The injector introduces the liquid sample into the flow stream of the mobile phase. 

The injector which we inject also must be able to withstand the high pressure of the HPLC system. 

 

4. Column – 

The heart of the system is called the ‘Column”. 

Generally column is made up of the stainless steel. 

In column there are several types of the matrices to support the stationary phase including Silica, polymers and alumina. 

Silica is most commonly used for matrix, because of the silica matrices are robust, easily derivatized, manufactured to 

consistent sphere size, and they does not tend to compress under high pressure. Also the silica this chemical is stable to 

most organic solvents as well as the many low pH systems. 

They are normally loaded with a stationary stage with a molecule size of 3-10 µm. 

Generally the column is around 50mm and 300mm long and have an inward distance around 2 and 5 mm. 

Columns stationary phase helps to separate the sample component of interest using different physical as well as chemical 

parameters. 

The temperature of the mobile phase and the column should be kept consistent during whole process. 

It is the actual place ware separation occurs. 

 

5. Detector –  

Separation of analytes text place inside the column, whereas a detector is used in HPLC to observe the obtained 

separation. 

The detector detect the individual molecule that comes out or elute from the column.  

These detector measure the property which is specific to the sample, either with or without removal of mobile phase 

prior detection. 

The detector has ability to detect every molecule that elutes from the column. 
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For the chemist to quantitate you the sample components, the detector also measures the quantity of that particular 

molecule. 

The most commonly used detector include UV absorbance, fluorescence, electrochemical conductivity, refractive Index 

and mass spectrometry detectors. 

UV vis and fluorescence detectors are used for the gradient illusion because many solvents used in a HPLC do not 

absorb to any significant extent. 

 

6. Data collection device – 

The signals obtained from the detector are gathered on the graph recorders or on electronic integrators that fluctuate in 

many-sided quantity and in their capacity to process, store and reprocess chromatographic information. 

The connected PC health to coordinate the indicators response to the components and insert it into and readable 

chromatograph. 

Generally the output is recorded as a series of peaks, each one representing a compound in the mixture, passing through 

detector and absorbing UV light. 

 

 
Figure :- High Performance Liquid Chromatography 

 

The Working principle of HPLC  

The sample to be examine is introduced into the mobile phase stream by the samoker. 

Which then transports it into the column. 

Mobile phase is moved 2 column by application of pump in high pressure. 

Then the detector could you says the signal according to size of sample components emerging from the segment, so 

taking into account a quantitative analysis of the example components. 

The HPLC device is controlled by a digital computerized microchip and software, which provides information. 
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Figure :- Working Principle of HPLC 

 

Applications off HPLC – 

HPLC have several applications in our pharmaceutical field, clinical and environmental forensic field. 

It helps in separation as well as purification of the compounds. 

The information which can be obtained using HPLC involves the identification, Quantification, and resolution of a 

compound. 

1. Pharmaceutical applications – 

• In pharmacy field HPLC have application in drug stability, and also quality control. 

• It is helpful in determination of shelf life of pharmaceutical product. 

• It also helps to identify the active ingredient in the pharmaceutical dosage form. 

• It helps to study the how pharmaceutical dose forms dissolve in tablets. 

 

2. Environmental application – 

• It helps in determination of phenolic compound in the drinking water. 
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• For bio monitoring of compound. 

• Also there is rapid separation and identification of carbonyl compounds by HPLC. 

 

3. Forensic application – 

• For the analysis of textile dyes. 

• Quantification of drug and steroids in biological samples. 

• To determine cocaine and metabolites in blood. 

 

4. Clinical applications – 

• Analysis of biological samples like blood and urine. 

• Calculating blood plasma level of bilirubin and biliverdin in cases of hepatic diseases. 

• To detect the endogenous neuropeptides in the brain’s extracellular fluids. 

 

5. Food and flavour applications – 

• Sugar Analysis in fruit juice. 

• To detect polycyclic compound in the vegetables. 

• Analysis of preservatives. 

• Monitoring the quality of water and soft drinks. 

• Trace analysis of military high  

• Explosives in agricultural crops. 

 

LIMITATIONS OF HPLC – 

1. Cost : Despite its advantages, HPLC can be costly, requiring high quantities of expensive organics. 

2. Complexity 

3. HPLC may have low sensitivity for certain compounds, and some cannot be detected as they are irreversibly 

absorbed. 

4. Separation of volatile substance arbiter by gas chromatography than HPLC. 

 

Advantages of HPLC – 

1. Process of separation is fast and efficient. 

2. Separation of very complex mixture can be done by this method. 

3. High accuracy. 

4. Repetitive and reproducible analysis using the same column. 

5. HPLC is more versatile than GLC in some cases because it has advantage of not being restricted to volatile and 

thermally stable solute and the choice of mobile and stationary phase is much wider in HPLC. 

6. Aqueous and non-aqueous samples can be analyzed with little or no sample pre-treatment. 

 

Disadvantages of HPLC – 

1. High cost. 

2. The performance of column is very sensitive, which depends on the method of packing. 

3. Further, no universal and sensitive detection system is available. 

4. Have low sensitivity for certain compound. 
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