
chemistry of ion exchange 
 

1. Cation Exchange Chemistry: In cation exchange, the resin's functional groups, 

typically sulfonate (SO3-) or carboxylate (COO-) groups, carry a negative charge. 

These functional groups attract and exchange positively charged ions, or cations, 

from the solution. The exchange occurs through an electrostatic interaction 

between the resin's functional groups and the cations. 

When the resin is in its sodium (Na+) or hydrogen (H+) form, it can attract and 

exchange cations such as calcium (Ca2+), magnesium (Mg2+), iron (Fe2+), or other 

metal ions. The exchange reaction can be represented as follows: 

Resin-SO3- + Ca2+ → Resin-Ca2+ + Na+ 

In this example, the resin with sulfonate functional groups attracts and replaces the 

calcium ion in the solution with a sodium ion from the resin, effectively softening the 

water. 

The strength of the attraction between the resin and the cations is determined by 

factors such as the charge density of the resin's functional groups, the concentration of 

the cations in the solution, and the presence of competing ions. 

2. Anion Exchange Chemistry: In anion exchange, the resin's functional groups, such 

as quaternary ammonium (NR4+) or tertiary amine (NR3+), carry a positive 

charge. These functional groups attract and exchange negatively charged ions, or 

anions, from the solution. The exchange occurs through an electrostatic 

interaction between the resin's functional groups and the anions. 

When the resin is in its hydroxide (OH-) or chloride (Cl-) form, it can attract and 

exchange anions such as chloride (Cl-), sulfate (SO42-), nitrate (NO3-), or other 

negatively charged species. The exchange reaction can be represented as follows: 

Resin-NR4+ + Cl- → Resin-Cl- + NR4+ 

In this example, the resin with quaternary ammonium functional groups attracts and 

replaces the chloride ion in the solution with another chloride ion from the resin, 

effectively removing chloride from the water. 



Similar to cation exchange, the strength of the attraction between the resin and the 

anions depends on factors such as the charge density of the resin's functional groups, 

the concentration of the anions in the solution, and the presence of competing ions. 

3. Ion Exchange Equilibrium: The ion exchange process reaches an equilibrium when 

the number of exchanged ions on the resin reaches a balance with the ions in the 

solution. At equilibrium, the concentration of ions in the solution and on the resin 

remains relatively constant. The equilibrium is influenced by factors such as the 

initial concentration of ions in the solution, the capacity of the resin, and the 

specific affinity of the resin for certain ions. 

During the exchange process, the ions on the resin can be released back into the 

solution if the concentration of the competing ions in the solution is higher. This 

phenomenon is known as ion selectivity, where the resin prefers certain ions over others 

based on their charge and size. 

4. Regeneration: Over time, the ion exchange resin becomes saturated with the ions 

it has exchanged, reducing its effectiveness. To restore the resin's ion exchange 

capacity, regeneration is performed. Regeneration involves passing a 

concentrated solution of a regenerant, typically sodium chloride (NaCl) or 

hydrochloric acid (HCl), through the resin. 

In cation exchange, regeneration with a sodium chloride solution replaces the 

accumulated calcium and magnesium ions on the resin with sodium ions. The exchange 

reaction is as follows: 

Resin-Ca2+ + 2NaCl → Resin-Na+ + CaCl2 

In anion exchange, regeneration with a hydrochloric acid solution replaces the 

accumulated anions on the resin with chloride ions. The exchange reaction is as follows: 

Resin-Cl- + HCl → Resin-H+ + Cl- 

The regenerated resin is then rinsed with water to remove excess regenerant before it is 

ready for the next cycle of ion exchange. 
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