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Theory of High-Performance Liquid Chromatography (HPLC) 

High-Performance Liquid Chromatography (HPLC) is based on the principle of liquid-solid 

partitioning, where the components of a mixture are separated due to differences in their interactions 

with the stationary phase and mobile phase. The separation occurs as the sample is carried by a 

liquid mobile phase through a packed column containing the stationary phase. 

1. Partition Principle 

In HPLC, the compounds in a sample are separated based on their partition coefficient (K), which is 

defined as: 

Different analytes distribute themselves differently between the two phases. Those with higher affinity 

for the stationary phase move slowly through the column, while those with higher affinity for the 

mobile phase move faster. 

 

2. Retention Time (tR) 

Each analyte takes a specific amount of time to travel through the column, known as the retention 

time. This is a characteristic parameter for each compound under set conditions and is used for 

qualitative identification. 

 

3. Modes of HPLC Based on Polarity 

• Reverse Phase HPLC (RP-HPLC): 

o Most common method. 

o Non-polar stationary phase (e.g., C18) and polar mobile phase (e.g., water-

methanol). 

o Polar compounds elute first; non-polar compounds are retained longer. 

• Normal Phase HPLC (NP-HPLC): 

o Polar stationary phase (e.g., silica) and non-polar mobile phase (e.g., hexane). 

o Non-polar compounds elute first; polar compounds are retained longer. 

• Ion-Exchange Chromatography: 

o Separation based on ionic charge using charged resins. 

o Useful for inorganic ions, amino acids, peptides. 

• Size-Exclusion Chromatography (SEC): 



o Separation based on molecular size. 

o Large molecules elute first, smaller ones penetrate the pores and elute later. 

 

4. Van Deemter Equation 

The efficiency of a chromatographic column is described by the Van Deemter equation: 

 

Where: 

• H = height equivalent to a theoretical plate (HETP) 

• u = linear velocity of mobile phase 

• A = Eddy diffusion (path differences) 

• B = Longitudinal diffusion 

• C = Mass transfer resistance 

This equation explains the relationship between flow rate and column efficiency, guiding the 

optimization of flow rates for better separation. 

 

5. Chromatographic Parameters 

• Retention Factor (k): 

 

(where t0 is the time for an unretained compound) 

• Selectivity (α): 

Ratio of retention factors between two compounds; indicates how well two compounds are 

separated. 

• Resolution (Rs): 

Indicates how distinctly two peaks are separated; influenced by efficiency, selectivity, and 

retention. 

 

 

 

 

 



Mode Stationary Phase Mobile Phase Elution Order 

Reverse Phase 

(RP) 

Non-polar (e.g., 

C18) 

Polar (Water, MeOH, 

ACN) 

Polar compounds elute first 

Normal Phase 

(NP) 

Polar (Silica) Non-polar (Hexane) Non-polar compounds 

elute first 

Ion-Exchange Charged resins Buffered solutions Based on ionic charge 

Size-Exclusion 

(SEC) 

Porous polymer 

gels 

Aqueous/organic solvent Large molecules elute first 

 

 

 

 

 

 

 

 

 

 


