GLOBAL CHANGE____________________________________________

A Primer on Reduction-Oxidation (Redox) Chemistry

The term “redox” refers to chemical reactions that involve reduction and oxidation of organic and inorganic substances.  Redox reactions involve the transfer of electrons.  When the process involves a loss of electrons, then it is called oxidation.  A gain of electrons refers to the process of reduction.  Some redox reactions occur abiotically (without life processes) in the environment, some only occur when they are catalyzed (operated or helped) by bacteria, and some occur at faster rates because of the involvement of bacteria.  The bacteria are involved in these reactions to either gain energy to make ATP (see Figure at end), or to gain needed nutrients.

There is a simple mnemonic device to remember the definition of the terms oxidation and reduction.  All you have to do is remember that LEO the lion goes GERRR! (that is a growl…).  Spelled out, it looks like this:       Lose Electrons ( Oxidation,     Gain Electrons ( Reduction


A.  Reduction:  the gain of electrons.  A reductant is a compound that donates e-

B.  Oxidation:  the loss of electrons.  An oxidant is a compound that accepts e- 

C.  Redox potential:  an arbitrary scale on which we measure how reduced or oxidized a system is:
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1.  The electrical potential that develops is measured by a volt meter in volts, or mv (millivolts), and is designated as Eh (E = Electron movement, h = relative to H2 standard).  As Eh (, the solution is more reduced (has more e- to give), and as Eh (, solution is more oxidized (will accept e-).

2.  Note that free electrons can't exist in solution, so you must have both an electron acceptor and an electron donor to run a redox reaction.  These are called "half reactions", one reduction and one oxidation.  Below are two examples of how the half reactions combine to form a redox reaction.

(a)  Example 1:  oxidation of Fe2+ (Note that elements or compounds on opposite sides of the equation sign in the half reactions cancel, giving the full redox reaction). 


4Fe2+ = 4Fe3+ + 4e-
oxidation


  O2 + 4H+ + 4e- = 2H2O
reduction


  O2 + 4H++ 4Fe2+ = 4Fe3+ + 2H2O
redox reaction

(b)  Example 2:  sulfate reduction, where SO42- is the oxidant and 2CH2O is the reductant

SO42- + 10H+ + 8e- = H2S + 4H2O  



reduction

2CH2O + 2CH2O + 2H+ = H2S + 2CO2 + 2H2O 

oxidation

SO42- + 2CH2O + 2H+ = H2 + 2CO2 + 2H2O 

redox reaction

(c)  Example 3:  as was given in class,  aerobic respiration proceeds as follows:

Aerobic Respiration
    C6H12O6 + 6 O2 ( 6 CO2 + 6 H2O
The conversion of glucose and oxygen to carbon dioxide and water is an important reaction that allows a cell to harvest the energy stored in food (glucose).  In this reaction, glucose is the electron donor (meaning that it has electrons to give and is oxidized by losing electrons) and oxygen is the electron acceptor (meaning that it wants to accept electrons and is reduced by gaining electrons).

(d)  Example 4:  as was given in class, banded iron sediments are formed as follows:

Banded Iron Formations
    2 Fe2+ + H2O + 3/2 O2 (  Fe2O3 H2O
In the earlier part of this course, we talked about BIF’s in the rock record as evidence that there must have been some oxygen present in the atmosphere since the dissolved iron in seawater periodically became oxidized and precipitated out of solution to produce these BIF’s.  This process involves the oxidation of iron in which Fe2+ (ferrous iron) loses an electron to become Fe3+ (ferric iron).

_______________________________________________________________


1.  Sample is more reduced than STD, so redox potential is negative (has e- to give) and electrons flow toward the standard.





2.  Sample is more oxidized than STD, so redox potential is positive (is consuming e-) and electrons flow toward the sample.





The standard is in reference to hydrogen gas and hydrogen ion:


       H+ + e-   (  1/2 H2 (gas)
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Respiration requires a reduced organic compound as an


  electron donor 


and an  oxidized molecule as an 


  electron acceptor 





(Freeman, 2002.  Biology)








