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SEPARATION OF MOLECULES BY CHROMATOGRAPHY – INTRODUCTION 
____________________________________________________________ 
 

P r a v e e n  D e e p a k ,  D e p a r t m e n t  o f  Z o o l o g y ,  S .  S .  C o l l e g e ,  J e h a n a b a d  
 

To study structure and function of biomolecules and different biochemical pathway, molecules 

of study and each one molecule of the biochemical pathway need to be analyzed separately. The 

study, in proper sense, can only be possible, if a biomolecule or cellular components are pure and 

biologically active even after separation or isolation. Therefore, to achieve such separation cells 

or cellular components, various separation approaches are employed that involves fractionation 

of biomolecules. Fractionation of biomolecules depends on different physical as well as chemical 

properties of the biomolecules such as solubility, viscosity, charge, size, polarity, and binding 

affinity. There are three key analytical and purification methods, namely chromatography, 

electrophoresis, and ultracentrifugation. Each one relies on certain physicochemical properties 

of biomolecules. Different types of separation techniques employed in different stages of 

molecular processing are given in figure below. 

 

Chromatography 

Chromatography term is derived from Greek word “Chroma” which means ‘colour’ and 

“graphein” which means ‘to write’. It is the collective term for a set of laboratory techniques for 

the separation of mixture of molecules. The mixture is dissolved in a fluid called the mobile 

phase, which carries it through a structure holding another material called the stationary phase. 

The various constituents of the mixture travel at different speeds, causing them to separate, 

which is based on differential partitioning between the mobile and stationary phases. The mobile 
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phase is generally liquid or gas that flows over or through the stationary phase, the later consists 

of spherical particles packed into a column. Chromatography is performed by specialized 

equipment, which enables separation of molecules is known as chromatograph, while a visible 

record, like a graph, showing the result of separating the components of a mixture of 

chromatography is known as a chromatogram. Evidently, chromatography has two purposes 

which are;  

− Analytical: To determine chemical composition of a sample 

− Preparative: To purify sufficient quantities of a substance 

Chromatographic purification of biomolecules of interest relies on its physicochemical properties 

i.e. solubility, charge, size, polarity, and specific binding affinity. So, several different types of 

interactions between the stationary phase and the biomolecules of interest being separated are 

possible. Biomolecules of different ionic charges can be separated by ion exchange 

chromatography in which the retarding force is ionic in character. In absorption chromatography, 

biomolecules of interest are adsorbed onto the stationary phase. The separation based on 

differences in the size and the shape of biomolecules is used in gel filtration or molecular sieve 

chromatography. Affinity chromatography exploits a unique biochemical property of 

biomolecules rather than the small size differences.  

There are different types of chromatography techniques. It is classified differently depending 

upon the various parameters such as support of stationary phase, types of mobile phase, and 

mechanism of separation. There are mainly two types of chromatography, namely planar and 

column chromatography. 

Planar Chromatography: In this method of chromatographic technique, the stationary phase is 

supported on a flat plate or in the fiber of a paper. Here the mobile phase moves through the 

stationary phase by capillary action or by gravity. It includes paper chromatography and thin 

layer chromatography (TLC). 

Column Chromatography: In this method of chromatography techniques, the stationary phase 

is housed in a narrow column made of glass or steel through which the mobile phase is forced 
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either by pressure or by gravity. It includes simple column chromatography, high pressure liquid 

chromatography (HPLC), and gas chromatography (GC). 

 

Column chromatography is further differentiated on the basis of types of stationary and mobile 

phases and the kinds of equilibrium involved in solute transfer between the phases, which are; 

Liquid chromatography: It is a type of chromatography technique used to separate a sample 

dissolved in liquid as a mobile phase. This separation occurs based on the interactions of the 

sample with the mobile and stationary phases. Because there are many stationary/mobile phase 

combinations that can be employed when separating a mixture, there are several different types 

of chromatography that are classified based on the physical states of those phases. Liquid-solid 

column chromatography is the most popular chromatography technique which features a liquid 

mobile phase which slowly filters down through the solid stationary phase, bringing the 

separated components with it. There are many types of liquid chromatography techniques, which 

are as follows; 

Normal phase chromatography: This method is used to measure non-polar samples by using a 

solid polar stationary phase and non-polar liquid solvent. The difference in polarity results in the 

separation of less polar compounds first, and the more polar compounds last with the effect of 

gravity.  

Reverse phase chromatography: Opposite of normal phase polarity, reverse phase uses a polar 

liquid mobile phase and non-polar stationary phase to separate the most polar compounds, 

followed by compounds with lower polarity. Reverse phase chromatography is also used for 

HPLC. 

Flash chromatography: Instead of relying on gravity to separate the compounds, an inert gas 

like Nitrogen is used to push the liquid mobile phase through the solid stationary phase at a much 

faster rate than gravity in normal or reverse phase chromatography. This process uses precise 

pumps or vacuums and can be more expensive. It is sometimes known as medium pressure 

chromatography because it uses less pounds per square inch than HPLC. 

Other types of liquid chromatography are follows; 
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Liquid-solid chromatography: In this chromatography, the stationary phase is a column 

made up of alumina or silica based compound that allows the liquid mobile phase to absorb 

or pass through it. 

 

High-pressure liquid chromatography: It is a type of normal phase chromatography in 

which pump is used to pass pressurized liquid solvents and samples through columns filled 

with solid adsorbent materials. HPLC is a popular method for urine testing for performance 

enhancing drugs, purity testing in pharmaceuticals and cleanliness testing in manufacturing. 

Partition chromatography: A liquid-liquid method, partition chromatography requires the 

stationary phase and mobile phase to be immiscible, or to separate into components when 

they combine like gasoline in water. 

Ion chromatography: Also known as ion exchange, ion chromatography separates the ionic 

compounds within a solution onto a solid stationary phase by their positive or negative ionic 

exchange. This method is completed using HPLC. 

Size exclusion chromatography: Separating compounds according to the size of their 

molecules, size exclusion chromatography passes a liquid mobile phase through a solid 

stationary phase. Compounds within the sample separate as they are caught through the 

precise pore sizes within the silica or polymer column. 

Affinity chromatography: Affinity chromatography separates a sample based on its 

molecular bonds. A mobile phase with a specific metallic bonding property is used to pass 

the sample through an agarose polymer or porous glass stationary phase, where the bonding 

molecules, the ligands, are caught and separated from those that do not bond, the analytes. 

Chiral chromatography: This method divides non-superimposable mirror image molecules, 

known as chiral molecules. While symmetrical like a mirror image, chiral molecules are not 

interchangeable and can be selectively separated from a solution that is racemic, or 

containing the opposing chiral molecules, based on one of the chiral bonds existent in the 

stationary or mobile phase. This is used mostly in biochemistry. 

https://www.innovatechlabs.com/materials-analysis-ic/
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Gas Chromatography (GC): It is a type of chromatographic technique used to analyze volatile 

substances in the gas phase. In this method, molecules are separated on the basis of their 

retention time depending on the affinity of the molecules to the stationary phase. The sample is 

either liquid or gas that is vaporized in the injection point. This chromatographic technique 

employs mobile phase as a chemically inert gas which serves to carry the molecules of the 

analyte through the heated column. Gas chromatography is one of the sole forms of 

chromatography that does not utilize the mobile phase for interacting with the analyte (due to 

inert gases). The stationary phase is either a solid adsorbent, termed as gas-solid 

chromatography (GSC), or a liquid on an inert support, termed as gas-liquid chromatography 

(GLC). 

− Carrier gases: It must be dry, free of oxygen and chemically inert. Helium is most 

commonly used because it is safer than, but comparable to hydrogen in efficiency, has a 

larger range of flow rates and is compatible with many detectors. Nitrogen, argon, and 

hydrogen are also used depending upon the desired performance and the detector being 

used. Both hydrogen and helium, which are commonly used on most traditional detectors 

such as Flame Ionization(FID), thermal conductivity (TCD) and Electron capture (ECD), 

provide a shorter analysis time and lower elution temperatures of the sample due to 

higher flow rates and low molecular weight. For instance, hydrogen or helium as the 

carrier gas gives the highest sensitivity with TCD because the difference in thermal 

conductivity between the organic vapor and hydrogen/helium is greater than other carrier 

gas. Other detectors such as mass spectroscopy, uses nitrogen or argon which has a much 

better advantage than hydrogen or helium due to their higher molecular weights, in which 

improve vacuum pump efficiency. 

 

Following gases are recommended for capillary column in gas chromatography: 

Detector Carrier gas Preferred make 

up gas 

Second choice Detector, anode 

purge or reference 

gas 

Electron capture Hydrogen  Argon/Methane Nitrogen  Anode purge must be 
same as make up Helium Argon/Methane Nitrogen 

Nitrogen Nitrogen Argon/Methane 
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Argon/Methane Argon/Methane Nitrogen 

Flame ionization Hydrogen Nitrogen Helium Hydrogen and air for 
detector Helium Nitrogen Helium 

Nitrogen Nitrogen Helium 

Flame photometric Hydrogen Nitrogen  Hydrogen and air for 

detector Helium Nitrogen  

Nitrogen Nitrogen  

Argon Nitrogen  

Nitrogen – 

Phosphorus  

Helium Nitrogen Helium++ Hydrogen and air for 

detector Nitrogen Nitrogen Helium++ 

Thermal 
conductivity 

Hydrogen+ Must be same as 
carrier and 

reference gas 

Must be same as 
carrier and 

reference gas 

Reference must be 
same as carrier and 

make up 
Helium 

Nitrogen 
+When using hydrogen with a thermal conductivity detector, vent the detector exhaust to a fume hood or a 

dedicated exhaust to avoid buildup of hydrogen gas. 
++Helium is not recommended as a makeup gas at flow rate  5ml/min. Flow rates above 5ml/min shorten 

detector life. 

Following gases are recommended for packed column in gas chromatography: 

Detector Carrier gas Comments Detector, anode purge or 

reference gas 

Electron capture Nitrogen Maximum sensitivity Nitrogen 

Argon/Methane Maximum dynamic range Argon/Methane 

Flame ionization Nitrogen Maximum sensitivity Hydrogen and air for detector 

Helium Acceptable alternative 

Flame photometric Hydrogen  Hydrogen and air for detector 

Helium  

Nitrogen  

Argon  

Nitrogen – 

Phosphorus  

Helium Optimum performance Hydrogen and air for detector 

Nitrogen Acceptable alternative 

Thermal conductivity Helium General use Reference must be same as 

carrier Hydrogen Maximum sensitivity (Note 

A) 

Nitrogen Hydrogen detection (Note 
B) 

Argon Maximum hydrogen 

sensitivity (Note B) 
Note A: Slightly greater sensitivity than helium, incompatible with some compounds. 

Note B: For analysis of hydrogen or helium. Greatly reduces sensitivity for other compounds. 

− Column oven: A thermostat control oven is used to control the temperature of column. 

The oven is able to regulate the temperature very precisely up to a few tenths of a degree. 

The oven in a gas chromatography can be operated in two manners; isothermal 

programming or temperature programming.  

 In isothermal programming, the temperature of the column is held constant 

throughout the entire separation. However, isothermal programming works best 
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only if the boiling point range of the sample is narrow. If a low isothermal column 

temperature is used with a wide boiling point range, the low boiling fractions are 

well resolved but the high boiling fractions are slow to elute with extensive band 

broadening. If the temperature is increased closer to the boiling points of the 

higher boiling components, the higher boiling components elute as sharp peaks 

but the lower boiling components elute so quickly there is no separation. 

 In the temperature programming method, the column temperature is either 

increased continuously or in steps as the separation progresses. This method is 

well suited to separating a mixture with a broad boiling point range. The analysis 

begins at a low temperature to resolve the low boiling components and increases 

during the separation to resolve the less volatile, high boiling components of the 

sample. Rates of 5-7°C/minute are typical for temperature programming 

separations. 

 

− Columns: There may be two types of columns; open tubular column and packed columns 

 Open tubular columns are also known as capillary columns come in two basic 

forms i.e. wall-coated open tubular (WCOT) and support-coated open tubular 

(SCOT) column. WCOT columns are capillary tubes that have a thin layer of the 

stationary phase coated along the column walls, while in SCOT columns, the 

column walls are first coated with a thin layer (about 30 micrometers thick) of 

adsorbent solid, such as diatomaceous earth (a material which consists of single-

celled, sea-plant skeletons) and then then treated with the liquid stationary phase. 

While SCOT columns are capable of holding a greater volume of stationary phase 

than a WCOT column due to its greater sample capacity, WCOT columns still 

have greater column efficiencies. 

Most modern WCOT columns are made of glass, but T316 stainless steel, 

aluminum, copper and plastics have also been used. Glass WCOT columns have 

the distinct advantage of chemical etching, which is usually achieved by gaseous 

or concentrated hydrochloric acid treatment and provides rough surface allowing 

bonded stationary phase to adhere more tightly to the column surface. Most 

popular types of capillary columns is a special WCOT column called the fused-

silica wall-coated (FSWC) open tubular column which is drawn from purified 

silica containing minimal metal oxides. These columns are much thinner than 

glass columns, with diameters as small as 0.1 mm and lengths as long as 100 m. It 

is specially designed for blood alcohol analysis. To protect the column, a 

polyimide coating is applied to the outside of the tubing and bent into coils to fit 

inside the thermostatted oven of the gas chromatography unit.  
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 Packed column are made of a glass or metal tubing which is densely packed with 

a solid support like diatomaceous earth. Due to the difficulty of packing the 

tubing uniformly, these types of columns have a larger diameter than open tubular 

columns and have a limited range of length. As a result, packed columns can only 

achieve about 50% of the efficiency of a comparable WCOT column. 

Furthermore, the diatomaceous earth packing is deactivated over time due to the 

semi-permanent adsorption of impurities within the column.  

 

− Detector: It is the device located at the end of the column which provides a quantitative 

measurement of the components of the mixture as they elute in combination with the 

carrier gas. In theory, any property of the gaseous mixture that is different from the 

carrier gas can be used as a detection method. These detection properties fall into two 

categories: bulk properties and specific properties. Each detector has two main parts that 

when used together they serve as transducers to convert the detected property changes 

into an electrical signal that is recorded as a chromatogram. The first part of the detector 

is the sensor which is placed as close the column exit as possible in order to optimize 

detection. The second is the electronic equipment used to digitize the analog signal so 

that a computer may analyze the acquired chromatogram. Understandably, it is not 

possible for a detector meet all of these requirements. The next subsections will discuss 

some of the more common types of gas chromatography detectors and the relative 
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advantages and/or disadvantages of each. Typical gas chromatography detectors and their 

detection  limits is given below in the table. 

Type of Detector Applicable Samples Detection Limit 

Mass Spectrometer (MS) Tunable for any sample 0.25 to 100 pg 

Flame Ionization (FID) Hydrocarbons 1 pg/s 

Thermal Conductivity (TCD) Universal 500 pg/ml 

Electron-Capture (ECD) Halogenated hydrocarbons 5 fg/s 

Atomic Emission (AED) Element-selective 1 pg 

Chemiluminescence (CS) Oxidizing reagent Dark current of PMT 

Photoionization (PID) Vapor and gaseous Compounds 0.002 to 0.02 µg/L 

On the basis of chemical or physical mechanism, the chromatographic techniques are 

classified as follows; 

− Column chromatography 

− Ion-exchange chromatography 

− Paper chromatography 

− Gas-liquid chromatography 

− Gas chromatography 

− Thin layer chromatography 

− HPLC 

Some terminology of chromatography 

Ion exchange equilibrium: This equilibrium exists between solid ion – exchanger (stationary) 

and a liquid electrolyte phase (mobile) in ion-exchange chromatography. 

Adsorption equilibrium: This equilibrium exists between the stationary solid phase and the 

mobile phase, e.g. adsorption chromatography. 

Partition equilibrium: This equilibrium exists between the stationary liquid phase and a mobile 

liquid or gas phase, e.g. gas-liquid chromatography. 

Exclusion equilibrium: This equilibrium exists between a liquid phase trapped inside the pore 

of stationary phase and same mobile liquid phase, e.g. gel filtration. 

Binding equilibrium: This equilibrium exists between the stationary immobilized ligand and a 

mobile liquid phase, e.g. affinity chromatography. 

Qualitative analysis: It is meant to check out the presence of the specific analyte in the test 

sample. This objective is carried out by; 

− Comparing the retention time of the peaks in the chromatograph. Moreover, confirmation 

for the presence of the analyte can also be obtained by spiking a second test sample with 

a known amount of actual compound. The increased area with a single peak shows the 
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presence of an analyte. 

− Nuclear magnetic resonance (NMR) spectrometer or mass spectrometer is used as the 

detector. 

Quantitative analysis: It is performed for the purpose of identifying and confirming the 

presence and amount of a specific analyte in the test sample. It is based on peak area coupled 

with an appropriate calibration graph. In the chromatograph, the area of each peak is proportional 

to the amount of analyte because of which peak is produced. 

References 

1. Smith I. Chromatography [Internet]. Elsevier; 2013. 

2. Janson J-C. Protein purification: principles, high resolution methods, and applications 

[Internet]. John Wiley & Sons; 2012 

3. Zubrick, James W. The Organic Chem Lab Survival Manual. 7th ed. New York: Wiley, 

2008. Print. 

4. http://www.biologyreference.com/Re-Se/Separation-and-Purification-of-

Biomolecules.html 

5. https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(

Analytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography 

6. https://www.innovatechlabs.com/newsroom/603/types-liquid-chromatography/ 

 

 

∞∞∞∞∞ 

http://www.biologyreference.com/Re-Se/Separation-and-Purification-of-Biomolecules.html
http://www.biologyreference.com/Re-Se/Separation-and-Purification-of-Biomolecules.html
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography
https://www.innovatechlabs.com/newsroom/603/types-liquid-chromatography/

