
Principles of electrophoresis 

Electrophoresis is a method used to separate charged particles from one another 

based on differences in their migration speed. In the course of electrophoresis, two 

electrodes (typically made of an inert metal, e.g. platinum) are immersed in two 

separate buffer chambers. The two chambers are not fully isolated from each other. 

Charged particles can migrate from one chamber to the other (Figure 7.1). By 

using an electric power supply, electric potential (E) is generated between the two 

electrodes. Due to the electric potential, electrons move by a wire between the two 

electrodes. More specifically, electrons move from the anode to the cathode. 

Hence, the anode will be positively charged, while the cathode will be negatively 

charged. As mentioned above, the two electrodes are immersed in two buffer 

chambers. Electrons driven to the cathode will leave the electrode and participate 

in a reduction reaction with water generating hydrogen gas and hydroxide ions. In 

the meantime, at the positive anode an oxidation reaction occurs. Electrons 

released from water molecules enter the electrode generating oxygen gas and free 

protons (which immediately form hydroxonium ions with water molecules). The 

amount of electrons leaving the cathode equals the amount of electrons entering 

the cathode. As mentioned, the two buffer chambers are interconnected such that 

charged particles can migrate between the two chambers. These particles are driven 

by the electric potential between the two electrodes. Negatively charged ions, 

called anions, move towards the positively charged anode, while positively 

charged ions, called cations, move towards the positively charged cathode. 

 

Figure 7.1. The principle of electrophoresis. In the course of electrophoresis, two 

electrodes are immersed in two separate buffer chambers. The two chambers are 

connected such that charged particles can migrate from one chamber to the other. 

By using a power supply, electric potential difference is generated between the two 

electrodes. As a result, electrons flow from one of the electrodes, the anode, 

towards the other electrode, the cathode. Electrons from the cathode are taken up 

by water molecules of the buffer, resulting in a chemical reaction which generates 

hydrogen gas and hydroxide ions. In the other buffer chamber, water molecules 

transfer electrons to the anode an in another chemical reaction that generates 



oxygen gas and protons. (Protons are immediately taken up by water molecules to 

form hydroxonium ions.) As charged particles can migrate between the two 

chambers due to the electric potential difference, positive ions (cations) move 

towards the negatively charged cathode while negatively charged ions (anions) 

move towards the positively charged anode. 

Different ions migrate at different speeds dictated by their sizes and by the number 

of charges they carry. As a result, different ions can be separated from each other 

by electrophoresis. It is very important to understand the basic physics describing 

the dependence of the speed of the ion as a function of the number of charges on 

the ion, the size of the ion, the magnitude of the applied electric field and the 

nature of the medium in which the ions migrate. By understanding these basic 

relationships, the principles of the many different specific electrophoresis methods 

become comprehensible. The fundamental principle of electrophoresis is illustrated 

in Figure 7.1. 

The mathematical description of the force during electrophoresis is simple. An 

electric force Fe is exerted on the charged particle. The magnitude of the electric 

force equals the product of the charge q of the particle and the electric 

field E generated between the two electrodes: 

 

(7.1) 

Dimensions of the electric field E are defined either in newton/coulomb or volt/cm 

units. During electrophoresis, the magnitude of the electric field E is defined in 

volt/cm units. It can be easily calculated using the value of the voltage (volt) set by 

the electric power supply and the distance of the two electrodes (cm). 

As soon as the electric field is applied and the charged particles are accelerated by 

the electric force, a drag force (Fd) called friction will also be immediately exerted 

on the particles by the medium. This force, whose direction is opposite to the 

direction of particle movement, is proportional to the velocity of the particle. At 

the typically very low speed of particle migration during electrophoresis, the 

force Fd is a linear function of the velocity (v) of the particle, as described by 

Equation 7.2: 

 

(7.2) 

The ratio of the force and the velocity is defined as the frictional coefficient (f). 

The value of f is a function of the size and shape of the particle and the viscosity of 

the medium. The larger the particle and the more obstructing the medium, the 

higher the value of f. 



When electrophoresis is started, particles accelerate instantaneously to a velocity 

(v) at which the magnitude of the drag force equals the magnitude of the (opposite) 

accelerating electric force: 

 

(7.3) 

Once the magnitude of the two opposing forces becomes equal, the resultant force 

becomes zero. Therefore, each particle will move at a constant velocity 

characteristic of the given particle at the given accelerating potential and medium. 

(A similar phenomenon is described in Chapter 5 for centrifugation. There, the 

accelerating force is unrelated—being proportional to the mass instead of the 

charge of the particle—but the frictional force and the phenomenon of two 

opposing forces leading to a characteristic particle velocity is analogous.) A useful 

parameter, the electrophoretic mobility (μ) of the particle, defines the velocity of 

the particle in a given medium when one unit of electric field is applied. (This 

parameter is analogous to the Svedberg units defined for centrifugation.) 

Electrophoretic mobility is a linear function of the charge of the particle and it is a 

reciprocal function of the frictional coefficient (which depends on both the size of 

the particle and the nature of the medium): 

 

(7.4) 

Particles having different electrophoretic mobility, i.e. those that migrate at 

different speeds in the same medium and electric field, can be separated by 

electrophoresis. 

In biochemical and molecular biological studies, the most typical charged 

molecules that are analysed and separated by electrophoresis are proteins and 

nucleic acids. Electrophoresis is always performed by using a special medium, 

most often a gel. The corresponding methods are therefore denoted as gel 

electrophoresis. 

 


