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Yaj 

HPLC separation mode   

Ø Normal phase chromatography  (NP) 

Ø Reversed phase chromatography (RP) 

Ø Size exclusion chromatography (SEC) 

Ø Ion exchange chromatography (IEX) 

Ø Affinity chromatography 
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Ø  Bonding electrons are not shared evenly. 
Ø  The end of the bond with electrons becomes partially negative. 
Ø  The end of the bond without electrons becomes partially positive. 

Polar compound Non-polar compound 

Polar compounds are soluble in polar solvents. 
Non-polar compounds are soluble in non-polar solvents. 
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What is normal-phase HPLC (NP-HPLC) ? 
 
Normal-phase HPLC (NP-HPLC), or adsorption 
chromatography, separates analytes based on 
adsorption to a stationary surface and by polarity  
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Normal Phase Chromatography 

Interaction :  Adsorption 
 
Packing materials :  Polar  ex.  Silica gel 

   Silica-NH2 
   Silica-CN 
   Silica-OH 

 
Mobile phase :  Non-polar  ex.  n-Hex/CH2CL2 

   iso-Oct/IPA 
   iso-Oct/AcOEt 

 
Sample :  Fat-soluble 

 Different polarity



Yaj 

Packing material 
 
Ø   Popular packing material is silica gel. 

Ø Silanol radicals ( -Si-OH ) on the surface of silica gel act as the 
active site and the sample is separated. 

Si	
Si	

Si	

the surface of silica gel 

Normal Phase Chromatography 
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Normal Phase Chromatography 

Interaction 
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Mobile phase solvents 

n-Hexane  （n-Hex）	
iso-Octane  （iso-Oct）	
Chloroform  （CHCl3）	
Dichloromethane  （CH2Cl2）	
Ethylacetate  （AcOEt）	
Isopropylalchol  （IPA）	
Tetrahydrofran  （THF）	
Dioxane 
Acetonitrile  （CH3CN）	
Ethanol  （EtOH）	
Methanol  （MeOH）	
Amines 
Acids	

Polarity 

High 

Low 

Normal Phase Chromatography 
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n-Hex/AcOEt(60/40) 

n-Hex/AcOEt(50/50) 

n-Hex/AcOEt(30/70) 

A B C

A 

A 

B

B

C

C

D

D

Polarity of  
Mobile phase 

High 

Low 

Retention behavior 

<      <      <    A B C D

Polarity of sample components 

Normal Phase Chromatography 
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Normal Phase Chromatography 
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Stationary Phase – Silica gel Mobile Phase – MTBE 
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What is Reversed-phase HPLC (RP-HPLC)? 
 
Reversed-phase HPLC (RP-HPLC), separates analytes 
based on their hydrophobicity 
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Reverse(d) Phase Chromatography (RP-HPLC) 

Interaction : Hydrophobic 
 
Packing materials : Non-polar  ex. Silica-C18 

      Silica-C8 
      

Mobile phase : Polar  ex. MeOH/H2O 
   CH3CN/H2O 
   MeOH/Buffer sol. 

 
Sample : Having different length of carbon chain
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Silica-C18 Packing materials 
Commonly used packing materials are hydrocarbons having 18 
carbon atoms (called the Octadecyl radical) which are chemically 
bonded to silica gel (Silica-ODS).Since the surface of the Silica-
ODS is covered with hydrocarbon, the polarity of the packing 
material itself is very low.

Reverse Phase Chromatography (RP-HPLC) 
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Hydrophobic Interaction 

CH3 CH2COOCH3 

CH3 CH2COOCH3 

Silica-C18 (ODS) 

Reverse Phase Chromatography (RP-HPLC) 
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Mobile phase solvents  
  
Main solvent :  MeOH - H2O 

       CH3CN - H2O 
 
Sub solvent :EtOH 

 IPA 
 THF 
 DMF 

 
Additive :  Acid 

 Salt 
 Ion-pairing agent 

Reverse Phase Chromatography (RP-HPLC) 
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Retention behavior in reversed phase HPLC 

<      <        A B C

A 

B

C

0 0 0 5 5 5 10 (min) 

A 
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C

C

CH3CN/H2O 
(70/30) (60/40) (50/50)

High Low Polarity of Mobile phase 

Carbon chain length of sample   

Column : Finepak SIL C18 

Reverse Phase Chromatography (RP-HPLC) 
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0          5        10        15        20       25        30 (min) 

Length of packing materials carbon chains 
and retention time 

Finepak SIL C18 

Finepak SIL C8 

Finepak SIL C1 
: p-Hydroxy ethyl benzoate A 

B
C

: p-Hydroxy propyl benzoate 

: p-Hydroxy butyl benzoate 

Mobile phase：CH3CN/H2O(40/60)	

A 

B

C

A 

B
C

A 

B

C

Reverse Phase Chromatography (RP-HPLC) 
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Purification of ansocalcin from goose eggshell extract. 

Lakshminarayanan R et al. J. Biol. Chem. 
2003;278:2928-2936 

©2003 by American Society for Biochemistry and Molecular Biology 
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Salting out 

At a specific salt concentration protein is hydrophobic enough not to 
precipitate but bind to a hydrophobic surface  
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What is Hydrophobic Interaction Chromatography 
(HIC)? 
 
Hydrophobic Interaction Chromatography (HIC) is a 
type of chromatograpic technique where molecules 
are separated on the basis of relative hydrophobicity.  
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Load sample in high concentration of lyotropic salt 

Protein molecules in the sample bind to the resin in order of their 
Hydrophobicity 

More Hydrophobic is the protein – lesser amount of a given Lyotropic 
salt 

Elute in the buffer containing no Lyotropic salt 

Steps of HIC 
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Binding of BSA to different resins in different 
lyotropic salts 
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Chromatographic Mode Acronym Separation Principle

Non-interactive modes of liquid chromatography

Size-exclusion chromatography SEC Differences in molecular size

Interactive modes of liquid chromatography
Ion-exchange chromatography IEC Electrostatic interactions

Normal-phase chromatography NPC Polar interactions

Reversed-phase chromtography RPC Dispersive interactions

Hydrophobic interaction 
chromatography HIC Dispersive interactions

Affinity chromatography AC Biospecific interaction
Immobilized Metal Affinity 

Chromatography IMAC Complex w/ an immobilized metal

Chromatographic Modes of Protein Purification

(Christian G. Huber, Biopolymer Chromatography, Encylcopedia in analytical chemistry, 2000)



 
Society magazines 
 
Ø   Journal of  Chromatography. 
Ø   Analytical Chemist 
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