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High Performance Liquid Chromatography ( HPLC ) : 

A Short Review 
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● Abstract : 

One essential analytical method that is frequently used in both qualitative and quantitative analysis is high performance liquid 

chromatography (HPLC), which is especially useful for estimating biological and pharmaceutical substances. One of the most sophisticated 

chromatographic techniques, high-performance liquid chromatography (HPLC) is acknowledged for its adaptability, safety, dependability, 

and speed. It is essential to the assurance and quality control of medicinal constituents. The goal of this article is to provide a 

thorough overview of all the aspects of HPLC, including its foundational ideas, varieties, equipment, and wide range of applications in 

numerous industries. Comprehending these facets allows one to recognize the importance of HPLC in contemporary analytical science and 

its roles in guaranteeing the security and 

effectiveness of medications. 

These days, a wide range of industries, including pharmaceuticals, biotechnology, environmental analysis, polymer research, and the food 

industry, heavily rely on HPLC for separations and purifications. Its accuracy and effectiveness in dissecting intricate combinations into their 

component parts account for its wide range of applications. A tiny volume of liquid sample is injected into the mobile phase—a continuously 

running stream of liquid—during the procedure. The sample is transported by this mobile phase via a column that is full of the stationary 

phase's densely packed particles. The components of the sample separate according to different 

physical or chemical properties as a result of their varied interactions with the stationary phase as it passes through the column. Because 

HPLC can precisely separate and purify molecules, it is an invaluable instrument for quality control and analysis of a wide range of 

substances in both industry and research. 
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● Introduction : 

The domains of analytical chemistry and biochemistry frequently employ high-performance liquid chromatography (HPLC), commonly 

referred to as high-pressure liquid chromatography. HPLC is a particular type of column chromatography. This method is used to extract, 

recognize, and measure the active ingredients in a combination. Through the use of high pressure and a column packed with a solid adsorbent 

material, high performance liquid chromatography (HPLC) enables accurate and effective separation of the constituents 

according to their interactions with the stationary phase. This technique is widely applied in many fields, 

including as clinical diagnostics, food safety, environmental monitoring, pharmaceutical research, and mixture analysis. It is especially useful 

for accurately identifying and quantifying specific chemicals in complicated mixtures. 

High-performance liquid chromatography (HPLC) retention times can differ greatly based on the interactions that occur between the 

stationary phase, the molecules under investigation, and the solvent or solvents that are 
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 being utilized. Since the mobile phase transports the sample, which was added to the system in a small volume, 

through the column, these interactions are crucial to the separation process. Depending on their unique 
characteristics and affinities for the stationary phase, certain components of the sample are retarded, or slowed down, as it moves forward due 

to certain chemical or physical interactions with it. 

High-performance liquid chromatography (HPLC) retention times can differ greatly based on the interactions that occur between the 

stationary phase, the molecules under investigation, and the solvent or solvents that are being utilized. Since the mobile phase transports the 

sample, which was added to the system in a small volume, through the column, these interactions are crucial to the separation process. 

Depending on their unique 

characteristics and affinities for the stationary phase, certain components of the sample are retarded, or slowed down, as it moves forward due 

to certain chemical or physical interactions with it. 

Every analyte experiences a different degree of retardation depending on the kind of analyte and the makeup of the stationary and mobile 

phases. The retention time of a specific analyte is the moment at which it leaves the column and is discovered. Retention time is a crucial 

HPLC characteristic that aids in the identification and 

measurement of the various components in the sample. 

The properties of the stationary phase and the analytes under investigation dictate the selection of solvents, additives, and the specific 

gradient utilized in HPLC analysis. Achieving accurate results and optimizing the separation depends on a number of factors, including the 

composition of the stationary phase, the polarity, molecular weight, and chemical characteristics of the analysts 

 

 

 

●  PRINCIPLE OF HPLC : 

In a separation column with a stationary and a mobile phase, the purification occurs. In a separation column, the stationary phase is a granular 

substance containing tiny porous particles. On the other hand, a solvent or solvent mixture known as the mobile phase is pushed through the 

separation process under intense pressure. 

A small volume of liquid sample is injected into a tube filled with tiny particles (3 to 5 microns in diameter, called the stationary phase) in 

HPLC, a separation technique. The liquid (mobile phase) is forced through the column by high pressure provided by a pump, moving 

individual components of the sample down the packed tube (column). 
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●  Types of HPLC : 

1) Normal Phase HPLC : 

In normal phase HPLC, a polar stationary phase, like silica, is added to the column. In contrast, the mobile phase is often composed of 

organic solvents like hexane and is non-polar. This type of HPLC can be used to separate chiral molecules, geometric isomers, cis-trans 

isomers, and water-sensitive substances. The separation is based on the compounds' differing affinities for the polar stationary phase and the 

non-polar mobile phase. Polar chemicals interact with the stationary phase more strongly and elute more slowly. 

 

 

2) Reverse Phase HPLC: 

Reverse phase HPLC is the most widely used type. In this instance, the organic solvent that is miscible, such as methanol or acetonitrile, is 

combined with water to form the polar mobile phase. The non-polar stationary 

phase is often composed of a hydrophobic substance such as C18 (octadecylsilane). This design makes Reverse Phase HPLC flexible enough 

to handle a wide range of compounds, including polar, non-polar, ionizable, and ionic samples. Because of their weaker connections with the 

non-polar stationary phase, less polar molecules elute more quickly, which is what propels the separation process brought on by hydrophobic 

interactions. 

 

3) Ion Exchange HPLC: 

Analytes with the opposite charge interact with ionic groups in the stationary phase of an ion exchange HPLC. The mobile phase is typically 

a buffer solution that controls the pH and ionic strength of the surrounding medium to aid in the separation of ionic species. This technique is 

particularly effective for isolating and purifying anions and cations, such as proteins, nucleotides, peptides, and amino acids, based on their 

charge. 

The intensity of the interaction between the analyte and the stationary phase controls the order of elution; weaker interactions result in earlier 

elution . 

 

 

4) Size Exclusion HPLC : 

Size Exclusion Another name for HPLC is gel permeability chromatography (GPC), a method that separates molecules based on size. The 

stationary phase molecules are arranged in a porous media based on their ability to enter the pores of the packing material. Large molecules 

flow through the column more quickly and elute first because they are excluded from the pores. Because they can fit through the pores, 

smaller molecules go farther through the column and elute later. When looking at proteins, polymers, and other macromolecules to find out 

more about their size distribution, this method is particularly useful. 

 

 

5) Bio affinity HPLC : 

Based on a specific, reversible protein-ligand interaction for separation. Proteins that interact with columnbound ligands are retained when 

ligands are covalently attached to solid supports in a bio-affinity matrix. There are two methods for eluting proteins that are attached to a 
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bioaffinity column: 

• Biospecific elution: In order to compete with ligand that is attached to the column, free ligand is introduced to the elution solution. 

• Aspecific elution: a shift in pH, salt, or other factors that decreases the interaction between the interaction protein and the column-bound 

substrate. 

 

 

 

●  Overview of HPLC : 

The advanced analytical technique known as High Performance Liquid Chromatography, or HPLC, is used to identify, quantify, and separate 

the components of a mixture. The word "chromatography" refers to a broader class of techniques for breaking down mixtures into their 

component elements based on differences in how the mixtures interact with a stationary phase and a mobile phase. 

In chromatography, the outcome or graphic representation of the separation process is called a "chromatogram." This picture usually shows 

the components of the mixture separated over time, with various compounds represented by different peaks. 

A "chromatograph" is a piece of equipment used in chromatography. The chromatograph, a cutting-edge tool in high-performance liquid 

chromatography (HPLC), efficiently separates substances by applying high pressure to a liquid mobile phase that is packed into a stationary 

phase-packed column. 

The solvent used to separate a liquid sample's constituent parts for HPLC analysis is known as the mobile phase. The mobile phase is given 

to the detector first, then to a separation column (also known as the stationary phase), at a constant flow rate controlled by the solvent 

delivery pump. 

 
 

 

● Basic HPLC System Components : 

◆ Solvent Degasser : An essential part of the HPLC system, the solvent degasser is made to extract dissolved gases from the solvent, like 

nitrogen and oxygen. Bubbles created by dissolved gases in the pump and detector might cause baseline noise and anomalies in the 

chromatographic results. The degasser improves the accuracy and dependability of the analysis by efficiently getting rid of these gases and 

ensuring a steady and consistent flow of the mobile phase. 

◆ HPLC Pump : Delivering the mobile phase through the system at a precise and constant flow rate is the job of the HPLC pump. It must 

be able to produce high pressures—often as high as several thousand psi—in order to push the solvent through the column's densely packed 

particles. The pump can also precisely combine various solvents in a proportionate manner, enabling gradient elution—an essential process 

for separating complex combinations. 

 

 

◆ Autosampler : The HPLC system's sample injection procedure is automated by the autosampler. It takes exact sample volumes out of 

vials and injects them into the stream of the mobile phase. This automation lowers the possibility of human error while increasing throughput. 

Repeatable results require high-throughput analysis and uniform sample injection volumes, which autosamplers can handle several samples 

in sequence to enable. 

 

 

◆ Detector : An essential part of detecting and quantifying the analytes as they elute from the HPLC column is the detector. Mass 

spectrometers, UV-Vis absorbance detectors, and fluorescence detectors are examples of common detector types. Analytes' chemical or 
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physical characteristics, like ionization or absorbance, are transformed into an electronic signal by the detector. The software of the device 

then processes this signal to create a chromatogram, in which the peaks represent various analytes. 

 

 

◆ Column Oven : For repeatable and effective separations, the HPLC column must be kept at a constant 

temperature, which is maintained by the column oven. The viscosity of the mobile phase, the interaction of the analytes with the stationary 

phase, and the total retention duration of the analytes can all be impacted by 

temperature control. The column oven guarantees reliable separations and optimal chromatographic performance by maintaining the column 

at a constant temperature. 

●  Apparatus of HPLC : 

We have now covered the "Basic Overview of the HPLC process" and its workings. More specifically, a solvent delivery pump, a degassing 

unit, a sample injector, a column oven, a detector, and a data processor are some of the parts that make up an HPLC. 

 

 

 

Regarding HPLC, the mobile phase is delivered by the pump at a regulated flow rate (a). Under our normal atmospheric pressure, air can 

dissolve readily in the mobile phase. Problems include flow rate changes and baseline noise/drift may arise if the mobile phase, which 

contains air bubbles, enters the delivery pump. By 

eliminating air bubbles in the mobile phase, the degassing device (b) helps avoid this problem. Following the extraction of the dissolved air, 

the mobile phase is introduced into the column. Next, a standard solution or sample solution is added via the sample injector to the mobile 

phase (c). Variations in temperature may have an impact on how well the compounds separate in the column. To maintain a constant 

temperature, the column is placed in a column oven (d). Detectors downstream of the column (e) pick up compounds that elute from the 

column. To identify and measure the chemicals, a workstation processes the detector's signal to create a chromatogram (f). 
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●  HPLC Separation : 

 
 

The highly developed and adaptable analytical method known as High-Performance Liquid Chromatography (HPLC) is widely applied in a 

number of industries, including biochemical research, environmental testing, food and beverage analysis, and pharmaceuticals. HPLC is an 

essential instrument for quality control, purity evaluation, and the study of complex biochemical processes since it is made to separate, 

identify, and measure the different components inside complex mixtures. 

Differential migration of substances through a column filled with a stationary phase while being transported by a mobile phase is the 

foundation of high-performance liquid chromatography (HPLC). The distinct chemical and physical interactions that every component has 

with the stationary phase and the mobile phase have an impact on this differential migration. Because of this, the chemicals in a mixture 

separate as they go through the column at various speeds, making it possible to identify and quantify each one of them separately. 

Highly sensitive detectors, including UV-Vis, fluorescence, or mass spectrometry, are built into HPLC systems to provide precise and 

accurate measurements of the eluting chemicals. The information produced can be 

utilized to identify unidentified components, calculate known compound concentrations, and even evaluate sample purity. Furthermore, 

because of HPLC's adaptability, many parameters can be optimized to get the best possible separation and resolution of the target chemicals. 

These parameters include the temperature, the kind of stationary phase, the composition of the mobile phase, and the flow rate. 

When samples are prepared properly, HPLC can handle a variety of sample types, including liquids, solids, and gases. This is one of its main 

advantages. Because of its great sensitivity and resolution as well as its 

adaptability, HPLC is a vital instrument in disciplines requiring exacting analytical precision. For instance, 

HPLC is essential in pharmaceutical research for the investigation of medication formulations, the 

identification of active components, and the stability monitoring of drugs. It is used in environmental science to identify and measure toxins 

and pollutants in samples of water, soil, and air. 

Furthermore, improvements in HPLC technology, such as the creation of ultra-high-performance liquid 

chromatography (UHPLC), have improved analysis speed, resolution, and sensitivity even further, making it possible to complete even more 

complex separations in less time. These developments keep HPLC relevant in the changing field of analytical chemistry by extending its 

capabilities and uses. 

 

 

 

●  How to Interpret a Chromatogram: 

A plot produced by chromatography is referred to as a "chromatogram". The chromatogram is a twodimensional figure where the horizontal 

axis represents the analysis time and the vertical axis shows 
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concentration as a function of detector signal strength. The resulting plot is not so much triangular in shape as it is bell-shaped. We refer to 

this form as a "peak." 

The time gap between the sample injection point and the peak's apex is known as the retention time (tR). The dead time (t0) is the amount of 

time needed for non-retained compounds—that is, chemicals without any interaction for the stationary phase—to go from the injector to the 

detector. 

 

 

Peak area (A), shown in light blue, is the region bounded by the peak and baseline. Peak height (h) is the vertical distance between a peak's 

apex and the baseline. The components of a sample will be analyzed both qualitatively and quantitatively using these results. 

 

 

●   Application of HPLC : 

The HPLC has developed into a universally applicable method so that it finds its use in almost all areas of chemistry, biochemistry, and 

pharmacy. 

• Analysis of drugs 

 

• Analysis of synthetic polymers 

 

• Analysis of pollutants in environmental analytics 

 

• Determination of drugs in biological matrices 

 

• Isolation of valuable products 
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• Product purity and quality control of in0dustrial products and fine chemicals 

 

 

●  Advantages of HPLC : 

1. Speed 

2. Efficiency. 

3. Accuracy. 

4. Versatile and extremely precise when it comes to identifying and quantifying chemical components 

 

 

 

●  Limitations of HPLC : 

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

2. Complexity 

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

 

 

●  conclusion : 

The review as a whole leads to the conclusion that HPLC is a flexible and reliable chromatographic method, particularly useful for the 

estimation of pharmaceutical goods. Because of its accuracy and dependability, it is a vital instrument in pharmaceutical analysis, where 

precise measurement of active substances is essential for regulatory compliance, quality control, and medication development. 

Because HPLC can estimate active compounds both quantitatively and qualitatively, it is useful not only in the pharmaceutical industry but 

also in many other sectors. It is used in environmental science to identify and 

measure contaminants in order to guarantee environmental security and adherence to legal requirements. HPLC is used in the food and 

beverage industry to verify product quality and safety, identify impurities, and analyze nutritional content. HPLC also helps with the study of 

metabolites, biomarkers, and other physiologically significant substances in clinical and biochemical research, which advances our 

knowledge of and ability to 

treat a wide range of disorders . 

The extensive applicability of HPLC is further demonstrated by its versatility in handling a large range of solvents and stationary phases, as 

well as its capacity to adapt to a variety of sample types, from simple molecules to complex mixtures. From routine quality control to 

advanced research and development, the approach is recommended due to its high sensitivity, precision, and capacity to differentiate closely 

related molecules . 
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