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Chapters 19 & 20

Applications of

Standard Electrode Potentials

&

Redox Titrations

• Part 1: Calculating Potentials of Electrochemical 
Cells (Examples 19-1~10)--Nernst equation for 
half-cells and chemical cells
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(3) At chemical equilibrium:
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Example 19-1

Calculate the thermodynamic potential of the following cell and the 
free energy change associated with the cell reaction:

2+ +Cu|Cu  (0.0200 M)||Ag (0.0200 M)|Ag

1

2

3



2

(1 calorie = 4.18 Joules)
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Comproportionation
vs

Disproportionation

2 O2
− + 2 H+ → H2O2 + O2

2 H2O2 → 2 H2O + O2

3 Cl2 + 6 OH− → 5 Cl− + ClO3
− + 3 H2O 

Part 2: Constructing Redox Titration Curves
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systemFe /Fe Ce /Ce

Fe (Analyte) + Ce (Titrant)  Fe  + Ce  (rapid and reversible)

Reaction is rapid and reversible, hence at equilibrium
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Calculation of  Equivalence Potential
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e.g., Fe2+ +  Ce4+  Ce3+ +  Fe3+
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(A)50.00 mL of 0.05000 M Fe2+ in 1.0 
M H2SO4

(B) 50.00 mL of 0.02500 M U4+ in 1.0 
M H2SO4

1.06 V

0.703 V

Redox Titration Curve

EXAMPLE 1: 50.00 mL of 0.0500 M Fe2+ is titrated
with 0.1000 M Ce4+ in a medium that is 1.0 M in
H2SO4. How many mLs of Ce4+ are required to reach
to the equivalence point,?

Fe2+ + Ce4+  Ce3+ + Fe3+

At equivalence point,
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Effect of Variables on Redox Titration Curves

• Esystem is usually independent of dilution 
Redox titration curves are usually independent of 
analyte and titrant concentrations--Different from 
neutralization, precipitation and complexation  
titrations. 

• The larger the equilibrium constants or the 
standard E0 (logKeq=nE0/0.0592), the greater 
the change in equivalence-point region—Similar 
to other types of titrations.

Effect of titrant electrode potential on reaction completeness.

E0
A—Analyte E0, 0.200 V

E0
T—Titrant E0.

• General redox indicators—substances change 
color upon redox reaction, which is dependent 
only on the potential of the titration system.

Oxidation/Reduction Indicators
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General Redox Indicators
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Many indicators, 2, 59 mV  change sufficient. 
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Oxidation/Reduction Indicators
• Specific indicators: (1) Starch for I3

-, (2) SCN-

(thiocyanate) for Fe(III)

• I2 + I- = I3
- (triiodide ion)
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The Strong Oxidants - Potassium 
Permanganate and Cerium (IV)

+ 2+ 0
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 + 8H  + 5e  Mn  +4H O    = 1.51 V

       Ce  + e  Ce            ' = 1.44 V (1 M H SO )

Reactions are in strong acidic media.

MnO (purple) is a self-indicator.

Can be standardized w

MnO (purple) E

E
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ith oxalate:

2MnO  + 5H C O  + 6H   2Mn  10CO ( )  8H O

Ce + H C O   2Ce + 2CO ( ) + 2H
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Strong Reducing Agents—
Fe(II) and thiosulfate

2+ 3+

2- 2-
2 3 4 6

- - +
3 2 2

2 2 3

(1) Fe  Fe + e (freshly prepared from stable agent)

(2) 2S O  (thiosulfate) S O (tetrathionate) + 2e   

Standardized with pottasium iodate:

IO  + 5I  (excess)  (inH  f3 l a2 s k+ )6   I + H O

I 2S O
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1 mol IO 3 mol I 6 mol S O

Indicator: I -starch (blue)

 I -starch 2S O ( ) S O  + I

    blue                                                  

(Titrant, in burette)

excess starch

 

 




    colorless

https://www.youtube.com/watch?v=_tZYYZ9F7fM

1 mol IO3
- = 6 mol S2O3

2-
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Calculation Examples
1. Aqueous solutions containing approximately 3% (w/w) H2O2 are
sold in drug stores as a disinfectant. A method for determining the
peroxide content involves the use of 0.01145 M KMnO4. Assume
that you wish to use between 30 and 45 mL of the above KMnO4

reagent for a titration. Calculate the amount of H2O2 needs to take.

2. 
- + 2+

4 2 2 4 2 22MnO  + 5H C O  + 6H   2Mn  10CO ( )  8H Og 

Na2C2O4
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