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 Definition of reduction & oxidation reactions (i.e., redox reactions)

- Oxidation: loss of e or H, gain of O, increase of oxidation number

- Reduction: gain of e or H, loss of O, decrease of oxidation number

e.g.,  C + H2  CH4

C + O2  CO2

Fe0  Fe2+ + 2e

Definition of reduction and oxidation

1980 2015

e.g.,  O2 + H2  H2O2

O2 + 2e + 2H+  H2O2

e.g.,  O2 + 2H2  2H2O

O2 + 4e + 4H+  2H2O





Oxidation number
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1. Chlorine 

2. Ozone 

3. Chlorine dioxide

4. Permanganate

5. Hydrogen peroxide

6. Organic contaminants





 TASTE AND ODOR CONTROL

- In surface water: originated from algal bloom
e.g., Geosmin, 2-Methylisoborneol (2-MIB)

- Threshold odor concentration: 4 ng/L for geosmin, 9 ng/L for 2-MIB

- In groundwater: sulfides (hydrogen sulfide and organic sulfides)
Production of polysulfides (oxidation byproducts, usually S8, generates turbidity) 
is a problem when H2S > 1 ppm



 COLOR REMOVAL

 OXIDATION AS A COAGULATION AID

 IRON AND MANGANESE REMOVAL

 OXIDATION OF SELECTED TRACE ORGANIC CONSTITUENTS
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 Definitions of oxidation and reduction

 Half Reactions

 Balancing Redox Reactions



 Define final products (make an unbalanced equation with them)

 Balance atoms and charge (Use H+, OH or H2O if necessary) 



 MECHANISTIC DESCRIPTION OF ELECTRODE POTENTIALS 
WITH AN ELECTROCHEMICAL CELL



 ASSESSING REACTION FEASIBILITY

E◦Rxn >0  Thermodynamically favored

E◦Red values are usually available from the literature databases !









- Potential of combined reactions





- Determining equilibrium constant from electrical potential







- Impact of pH on reduction potential

n`

n`

??? + ne- +n`H+ →  ???

E(pH)  Eo(pH = 0) =















 OXYGEN

 HYDROGEN

2H+ + 2e  H2(g)  Eo = 0 V





 CHLORINE SPECIES

(1)



(2)

(3)





(4)



(1)

(2) (3)

(4)

*pe = log[e] = F/(2.3RT)Eh





 Oxidation rate





 Redox potential

 Applications

- Oxidation of iron, manganese,
and sulfides 







 Redox potential

 Applications

- Oxidation of iron, manganese, sulfides, taste and odor compounds (but not applicable to 
Geosmin & 2-MIB), ammonia

- Oxidation byproducts (chlorinated organic compounds) are problematic 



 Redox potential

 Decomposition

 Applications

- Oxidation of iron, manganese, 
sulfides, taste and odor 
compounds (little applicable 
to Geosmin & 2-MIB), and 
some of organic compounds

ClO2 + e →  ClO2
 Eo

red = 0.95~1 V



 Redox potential

 Applications

- Oxidation of iron, sulfides

- A Reagent for advanced oxidation technology (a precursor of OH radical)
e.g., UV/H2O2, O3/H2O2, Fe(II)/H2O2



 Redox potential

 Applications

- Oxidation of iron, manganese, sulfides, taste and odor compounds, micropollutamnts, 
removal of color, control of DBP precursors (oxidation of NOM) 

- A Reagent for advanced oxidation technology (a precursor of OH radical)
e.g., UV/O3, O3/H2O2, Fe(II)/O3
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 Second-order rate constants for reactions of NDMA precursors with oxidants

Lee et al., 2007 (Environ. Sci. Technol.)



 Redox potential

 Applications

- Oxidation of iron, manganese, taste 
and odor compounds 

- Pink color: needs dosage control

MnO4


MnO4




*CMBR: Completely Mixed Batch Reactor




