
International Journal of Research Publication and Reviews, Vol (6), Issue (4), April (2025), Page – 10878-10880                                       

 

International Journal of Research Publication and Reviews 

 

Journal homepage: www.ijrpr.com  ISSN 2582-7421 

 

A Review on: High Performance Liquid Chromatography  (HPLC). 

Nitish Kesar1,  MD. Zulphakar Ali2 

1Student of B Pharmacy at Mewar University 

2Assistant Professor, Department of Pharmacy Mewar University Chittorgarh, Rajasthan, India 

ABSTRACT : 

An sophisticated type of column chromatography called High Performance Liquid Chromatography (HPLC) is frequently used in analytical chemistry to separate, 

identify, and quantify the constituents of complicated mixtures. The method improves resolution, speed, and sensitivity by passing liquids and materials down a 

densely packed column under high pressure. An extensive review of HPLC is given in this chapter, which covers its fundamental ideas, kinds, applications, 

instruments, benefits, drawbacks, and most recent advancements. Pharmaceuticals, environmental monitoring, food safety, and biotechnology are just a few of the 

industries that have found HPLC to be invaluable. 
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1. Introduction 

In chemistry and biochemistry, one of the most potent analytical methods is High Performance Liquid Chromatography (HPLC). Because of its 

effectiveness, precision, and adaptability, it is frequently utilized in the pharmaceutical, environmental monitoring, food and beverage, and clinical 

research sectors. HPLC has developed into a fundamental method for contemporary analytical labs, allowing the separation, identification, and 

quantification of constituents in intricate mixtures. 

Mikhail Tswett, a Russian botanist, was the first to apply the chromatography concept in the early 1900s to separate plant pigments. HPLC was developed 

in the late 1960s and early 1970s as a result of improvements in pumps, detectors, and column technology. In contrast to conventional liquid 

chromatography, HPLC greatly improves speed and resolution by forcing liquids down a packed column under high pressure. 

Both organic and inorganic substances can be subjected to HPLC. In pharmaceutical analysis, where it is used to guarantee the quality, efficacy, and 

safety of medications, it has become essential for regulatory compliance. Because of its versatility, HPLC may be connected to a wide range of detectors, 

including mass spectrometry, UV, and fluorescence, making it an effective instrument for both qualitative and quantitative analysis. 

Principles of HPLC 

The basis of HPLC's operation is the differential partitioning of a stationary phase (solid adsorbent material) and a mobile phase (liquid solvent). 

Separation results from the various analytes in a sample interacting with the two phases in different ways depending on their chemical characteristics as 

the mobile phase passes through the stationary phase. 

• Adsorption chromatography, in which substances stick to the stationary phase's surface.  

• Partition chromatography, in which two immiscible phases are used to distribute the solute.  

• Ion-exchange chromatography, in which ionic interactions serve as the basis for separation.  

• Size-exclusion chromatography, which uses size to separate molecules. 

In HPLC, retention time—the amount of time a molecule takes to move through the system—is a crucial factor. Every compound has a distinctive 

retention period under specific circumstances, which aids in identification. 

Instrumentation 

The components of a typical HPLC system are as follows: 

The solvents for the mobile phase are kept in the solvent reservoir.  

 

• Pump: Provides the mobile phase under high pressure at a steady flow rate.  

• Injector: Provides the system with the sample.  

• Column: Filled with separation-related stationary phase material.  

• Detector: Tracks the components that have been separated as they leave the column.  
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• Data System: Logs and examines the signals from the detector. 

3. Types of HPLC 

There are several types of HPLC techniques tailored for specific applications: 

a.HPLC in Normal Phase (NP-HPLC)  

A polar stationary phase, such as silica, and a non-polar mobile phase are involved. It works well for separating substances that are hydrophilic.  

 

b. HPLC in reverse phase (RP-HPLC)  

The most prevalent kind, in which the mobile phase is polar (such as water combined with methanol or acetonitrile) and the stationary phase is non-

polar (such as C18-bonded silica). For the separation of non-polar to moderately polar chemicals, it is perfect. 

  

c. HPLC Size Exclusion (SEC)  

It is sometimes referred to as gel permeation chromatography (GPC) and is used to separate molecules according to their size. Due to their exclusion 

from the stationary phase's pores, larger molecules elute first. 

d. HPLC for Ion Exchange  

Ions and polar molecules are separated using this technique according to how well they bind to the ion exchanger. It works well with nucleotides, 

proteins, and amino acids.  
 

e. HPLC Affinity  

applied to biomolecules that have the ability to bind selectively to a ligand that is affixed to the stationary phase. It is frequently used in biological 
processes like the purification of antibodies. 

4. Components of HPLC System 

A standard HPLC system comprises several key components: 

a.Reservoirs for Solvents  

contain the solvents used in the mobile phase. The type of chromatography being performed and the nature of the analyte determine which solvent is 

best.  

b. Pump  

drives the mobile phase through the system by delivering it at high pressure (up to 6000 psi).  

c. The injector  

brings the sample into contact with the mobile phase's flow. High-throughput analysis can be performed with autosamplers.  

d. Column  

This is when the actual component separation occurs and is packed with the stationary phase. The dimensions and chemistry of the column have a 

major effect on the quality of separation.  

e. Detector  

determines the eluted chemicals' identity and amount. UV-visible detectors, fluorescence detectors, refractive index detectors, and mass spectrometry 

(in conjunction with LC-MS) are examples of common detectors. 

Applications of HPLC 

HPLC finds applications in various industries: 

1. Pharmaceutical Industry Drug Development: The stability and purity of pharmaceutical substances are examined using HPLC.  

Quality control makes sure that pharmaceutical items are consistent and of high quality.  

Studies on bioavailability evaluate how well medications are absorbed and distributed throughout the body.  

2. Monitoring of the Environment  

Testing for water quality: Identifies contaminants such as industrial chemicals, heavy metals, and pesticides.  

Soil analysis keeps an eye on pollutants found in soil samples.  

Assessment of Air Quality: Quantifies airborne contaminants. 

3. Additive detection in the food and beverage industry: detects flavor enhancers, colorants, and preservatives.  

Vitamin and mineral content is determined through nutritional analysis.  

Contaminant screening finds poisons and dangerous materials.  

4. Medical Diagnostics  

Finding disease-specific biomarkers in blood or urine is known as biomarker detection.  

Therapeutic medication Monitoring: Verifies the effectiveness of treatment by measuring medication levels.  

The study of metabolic alterations in illnesses is known as metabolomics. 

Advantages of HPLC 

• High precision and resolution 
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• quick analysis with repeatable outcomes 

• ability to analyze complicated combinations 

• suitability for both qualitative and quantitative analysis 

• capabilities for automation and data integration 

Disadvantages of HPLC 

• Maintenance-intensive instruments 

• Sensitive to column contamination and mobile phase impurities 

• Limited detection for certain non-UV absorbing compounds without proper detectors 

Sample preparation can be time-consuming 

Limitations of HPLC 

• Expensive initial equipment 

• Needs trained staff 

 • May be environmentally hazardous 

• Unsuitable for volatile substances (GC is preferable for those) 

 Conclusion 

A key instrument in analytical chemistry, high performance liquid chromatography provides unparalleled accuracy and adaptability. It is essential for 

maintaining product quality, promoting scientific research, and safeguarding the general public's health. Its capabilities are being expanded by ongoing 

advancements in automation, detectors, and column technology. One such advancement is coupling with mass spectrometry (LC-MS), which further 

increases its analytical capability. HPLC continues to be at the forefront of contemporary laboratory analysis as industries depend more and more on 

quick and precise analytical techniques. 
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