Gel Chromatography (Size Exclusion Chromatography): Introduction and Theory

Introduction:

Gel chromatography, also known as Size Exclusion Chromatography (SEC) or Gel Filtration
Chromatography (when using aqueous solvents), is a type of liquid chromatography used to separate
molecules based on their size and molecular weight. Unlike other chromatographic techniques that
rely on ionic or chemical interactions, gel chromatography is a purely physical separation method,
ideal for the separation and analysis of proteins, polysaccharides, enzymes, and synthetic
polymers.

This method is especially valuable in biochemistry and molecular biology for determining the
molecular weight of macromolecules, desalting samples, and purifying biomolecules in their native
states.

Theory of Gel Chromatography:

Gel chromatography operates on the principle of molecular sieving or size exclusion. The stationary
phase consists of porous polymer beads (gels) packed in a column, and the mobile phase is typically
a buffer or solvent that carries the sample through the column.

Key Concepts:
1. Porous Gel Beads:

o The beads are made of materials like dextran (Sephadex), agarose (Sepharose), or
polyacrylamide (Sephacryl).

o These beads contain pores of specific sizes, which allow smaller molecules to enter
and diffuse within, while larger molecules cannot enter and are excluded.

2. Molecular Separation:
o Molecules are separated based on how much they can penetrate the pores:

» Large molecules are excluded from entering the pores and move around
them — eluting first.

* Medium-sized molecules enter some pores — eluting intermediately.

*  Small molecules enter most or all of the pores — eluting last due to the
longer path inside the gel.

3. Elution Volume (Ve):

o The volume of eluent required to elute a particular molecule.

o Related to the molecule’s size: the larger the molecule, the smaller the Ve.
4. Total Volume (Vt):

o Composed of:

* Vo (Void Volume): Volume outside the beads (where large molecules travel),



* Vi (Internal Volume): Pore volume inside beads (accessible to small
molecules),

* Vg (Gel matrix volume): The solid part of the gel.
Vi=Vo+Vi+ 'V,

o FEach gel has a defined molecular weight exclusion limit.

5. Selectivity Range:

o Molecules above the upper limit are completely excluded and elute together in Vo.

o Molecules below the lower limit are not separated and elute together in Vt.

Summary of the Separation Mechanism:

Molecule Size Access to Pores Path Length Elution Time

Large molecules No Short Early
Medium molecules Partial Medium Intermediate
Small molecules  Full Long Late
Conclusion:

Gel chromatography is a gentle, non-denaturing technique ideal for the separation of biological
macromolecules. Since the separation is based on size alone, it preserves the native structure and
activity of sensitive compounds like proteins and enzymes. Its simplicity, precision, and

reproducibility make it a standard tool in molecular biology, protein purification, and polymer
science.



