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Bromine Chemistry for Disinfection 

Chemically, bromine is closely related to chlorine as they are both halogens and next to one another in the periodic table. 

As a result, bromine can be used as an alternative disinfectant to chlorine, however there are some key differences. 

Versus chlorine, bromine is more stable at high temperatures and a more effective sanitizer at higher pH levels. For 

example, at a pH of 8 just over 20% of chlorine is available as hypochlorous acid whereas more than 80% of bromine is 

available as hypobromous acid. Furthermore, in environments having ammonia, bromine will continue to provide 

disinfection even after it reacts with ammonia to form bromamines since bromamines are unstable and will revert to 

hypobromous acid. For these reasons bromine is effective for applications such as microbiological control in cooling 

towers with pH in the 7.5 to 9.0 region. 

pH is an important variable in bromine-water systems, since it determines what form the bromine takes. When bromine 

liquid is added to water, it hydrolyzes rapidly according to equation 1. This reaction occurs very rapidly, in only a few 

tenths of a second at 18°C. 

1) Br2 + H2O —> HOBr + HBr 

Since HBr is a strong acid, addition of liquid bromine to water results in a lowering of the pH from the acidic HBr by-

product.  

The important product of reaction (1) is HOBr or hypobromous acid. Hypobromous acid is the killing form of bromine in 

water. Hypobromous acid is unstable because the bromine molecule is lightly bound and therefore will react quickly. 

Free available bromine, or free bromine, is HOBr or hypobromous acid. Free bromine (HOBr) is taste free and aggressive 

against germs and organic compounds. 

Bromine, when supplied as sodium hypobromite, calcium hypobromite, is in a basic form. When a base is present, a 

different reaction sequence occurs: 

2) NaOBr + H2O —> HOBr + Na+ + OH- 

3) Ca(OBr)2 + 2H2O —> 2HOBr + Ca++ + 2OH  

In any hypobromite solution the active ingredient is always hypobromous acid. 

Then once HOBr and OH- are formed an additional reaction occurs: 

4) HOBr + OH- <—> OBr- + H2O 

The proportion of bromine, hypobromous acid, and hypobromite ion in 

solution depends primarily on pH (see Figure 1) and somewhat on 

temperature.  

The different forms of bromine are named as follows: 

Br2 = bromine 

HOBr = hypobromous acid 

OBr- = hypobromite ion 

At atmospheric pressure and 20°C the maximum solubility of bromine is about 3500 mg per liter or 3500 ppm. 

Figure 1 - % Concentration HOBr vs OBr- 
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Bromine and pH 

The most important reaction in the bromination of an aqueous solution is the formation of hypobromous acid. The 

hypobromous acid form of bromine is very effective for killing germs. Hypobromous acid is a ‘weak’ acid, meaning that it 

tends to undergo partial dissociation to form a hydrogen ion and a hypobromite ion. Once in a water environment HOBr 

tends to dissociate into H+ and OBr ions. 

5) HOBr <—> H+ + OBr  

In waters between 6 and 10 pH the reaction is incomplete and both species are present to some degree. Since H+ is one of 

the ions that is formed and its concentration is expressed as pH, it follows that changing pH levels will influence the 

balance of this reaction and with it the availability of hypobromous acid for reaction. In a water environment the water 

pH will therefore affect the chemistry of bromine through its pH sensitivity. As pH rises this is important. 

6) H2O <— H+ + OH- (preference is right-to-left) 

Three things follow from this form of ionization: 

1. Since the tendency of these two ions to react and form H2O is much stronger than the tendency of water to 

break down into the ions, it follows that as the pH rises there are fewer H+ ions and more OH- ions. 

2. The H+ released by the breakdown of HOBr (equation 5) react to form water (equation 6) and leave behind 

residual OBr- (hypobromite) ions. Hypobromite does not react readily, so the bromine is weaker. 

3. However, if the pH goes down and H+ ions become readily available again, the OBr- ions revert to HOBr, which is 

the killing form of bromine. 

Note: HOBr + OBr- is total free bromine 

Moreover, Bromine’s main disinfection advantages are: 

1. Amount of Hypobromous acid available at relatively high pH levels. Compared to Hypochlorous acid from 

chlorine (approximate values): 

pH Hypobromous acid (HOBr) 
available 

Hypochlorous acid (HOCl) 
available 

7.5 95% 50% 

8.0 80% 20% 

8.5 60% 10% 

9.0 30% 5% 

 

2. In the reaction byproduct with nitrogen-based compounds, bromamines, the bromine is weakly held. As such the 

bromide ion is readily released allow HOBr to re-emerge. Further, bromamines themselves exhibit much greater 

biocidal disinfection power than their chloramine counterparts. 

3. The bromide ion can be reactivated to HOBr in aqueous solutions by other oxidizers such as hypochlorous acid. 
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