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ANALYTICAL CHEMISTRY - CLUTCH  1E

CH.15 - REDOX TITRATIONS



CONCEPT: REDOX TITRATION CURVES 
A redox titration curve follows the change in either the analyte’s or titrant’s concentration as a function of the titrant’s 
volume.  

Equivalence Volume (Ve)
 

The titration of 50.0 mL of 0.100 M NaCl with 0.100 M AgNO3 would produce the following precipitation reaction:  

Ag+ (aq) + Cl− (aq) AgCl (s) K = 5.6 ×109  

Before Equivalence Point
 

The titration of 50.0 mL of 0.100 M NaCl with 20.0 mL of 0.100 M AgNO3 

[Cl− ]= Initial moles of analyte −moles titrant added
Total Volume

 

At Equivalence Point
 

The titration of 50.0 mL of 0.100 M NaCl with 20.0 mL of 0.100 M AgNO3  

Ksp = [Ag
+ ][Cl− ] ∴ 1.8×10−10 = (x)(x)  

After Equivalence Point
 

The titration of 50.0 mL of 0.100 M NaCl with 70.0 mL of 0.100 M AgNO3 e 

[Ag+ ]= moles titrant added − in itial moles of analyte added
Total Volume

Ksp = [Ag
+ ][Cl− ]
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PRACTICE: REDOX TITRATION CURVES CALCULATIONS 1 
EXAMPLE: Calculate the [F–] from the titration of 130.0 mL of 0.120 M KF with 150.0 mL of 0.100 M BaCl2. The solubility 
product constant of BaF2 is 1.5 x 10-6.  

 

 

 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Calculate the pCN from the titration of 40.0 mL of 0.060 M NaCN with 20.0 mL of 0.050 M AgC2H3O2. The 
solubility product constant of AgCN is 2.2 x 10-16.  
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CONCEPT: THE END POINT 
Within a redox titration we can utilize indicators and electrodes to determine the end point.  

Redox Indicators
 

When we add a redox indicator to the analyte, the indicator will change colors based on the solution’s potential.  
 

 
 
The reduction half-reaction for a redox indicator can be seen as:  

InOx + ne
− InRed  

Using the Nernst equation for this half reaction we obtain:  

ECell = E
o −
0.05916 V

n
log [InRed ]

[InOx ]
⎞

⎠
⎟

⎛

⎝
⎜⎜ 	

	

By assuming that the indicator’s color changes from the oxidized state to the reduced form when the ratio changes from 0.1 
to 10, then we can locate the end point when the potential of the solution is within the range of:  

ECell = Eo ± 0.05916 V
n

⎞

⎠
⎟

⎛

⎝
⎜  

The indicator transition range should overlap the portion of the curve that has the sharpest increase in potential.  

• You can use a Gran plot where the end point represents the maximum value of first derivative of  ΔE
ΔV

.	 

 
The titration curve for the titration of 50.0 mL of 0.100 M Fe2+ with 0.100 M Ce4+ can be seen below:  
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CONCEPT: ANALYTE OXIDATION STATE 
It is common for the analyte to exist in multiple oxidation states while in solution, but to do any quantitative analysis it must 
first be converted to one oxidation state.  

• For example, iron can exist in two forms, _______ or _______ , and utilizes the oxidizing agent Ce4+.  

Auxiliary Reducing Agent  
An auxiliary reducing agent represents an easily oxidized metal such as Zn, Ag, Sn, or Cd that is part of prereduction.     

• It is present as either a solid, powder or column that reduces the analyte to one oxidation state.  
• Once the analyte has obtained a single oxidation state the reducing agent is removed before the titration begins.  

 

In the __________ reductor the reduction column is filled with a zinc amalgam, Zn(Hg). In the process the Zn metal reduces 
the analyte while it is oxidized:  

Zn(Hg) (s)→ Zn2+ (aq) + 2 e− + Hg (l)  

In the __________ reductor the reduction column is filled with granules of solid silver metal, while the analyte solution is 
infused with HCl.  

Ag (s) + Cl− (aq)→AgCl (s) + e−  

Auxiliary Oxidizing Agent
 

An auxiliary oxidizing agent will oxidize the analyte and in the process be reduced as part of the preoxidation stage.  
Peroxydisulfate represents a powerful oxidizing agent that works in conjunction with a silver catalyst:  

S2O8
2− (aq) + Ag+ (aq) + 2e− →SO4

2− (aq) + SO4
− (aq) + Ag+ (aq)  

 
• The oxidizing agent mixture can oxidize _____ to _____, _____ to _____, _____ to _____ and _____ to _____.  

 
Hydrogen peroxide represents another powerful oxidizing agent that works in acidic or basic solutions.  

H2O2 (aq) + 2H
+ (aq) + e− → 2H2O (l)  

• In basic solutions it oxidizes _____ to _____, _____ to _____and _____ to _____.  

• In acidic solutions it reduces _____ to _____ and _____ to _____.  

 
Other commonly used oxidizing agents include silver (II) oxide, AgO, and sodium bismuthate, NaBiO3.  
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PRACTICE: ANALYTE OXIDATION STATE CALCULATIONS 1 
EXAMPLE: Answer each of the following questions based on the following half reactions:  

HALF REACTIONS    Eo (V) 

Cl2 (g)  +  2 e –          2 Cl –  (aq)   + 1.36 

l2 (g)  +  2 e –             2 l –  (aq)    + 0.535 

Pb2+ (aq)   +  2 e –     Pb (s)    - 0.126 

V2+ (aq)  +  2 e –        V (s)    - 1.18 

 

a)  Which is the strongest oxidizing agent? 

 

 

 

 

b)  Which is the strongest reducing agent? 

 

 

 

c)  Will I – (aq) reduce Cl2 (g) to Cl –  (g)?  
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CONCEPT: OXIDIZING AGENTS – PERMANGANATE ION 
The most commonly used oxidizing agent titrants include _________, _________, _________ and _________.  

• An analyte that is a weak reducing agent requires one of these strong oxidizing agents during titrations.  
 

Permanganate ion is difficult to isolate because it can easily oxidize its aqueous solvent to form MnO2 precipitate. 
• In order to isolate the oxidizing agent we must catalyze it with ________, ________, ________ or ________.  

 

MnO4
− (aq) + 8 H+ (aq) + 5 e− Mn2+ (aq) + 4 H2O (l)  

 

Standardization
 

 

Boiling it for an hour followed by filtration to MnO2 can produce a stable permanganate solution.  

• Pairing it with a reducing agent such as Fe2+ or H2C2O4 can accomplish this standardization.  
 

MnO4
− (aq) + 5 Fe2+ (aq) + 8 H+ (aq) →Mn2+ (aq) + 5 Fe3+ (aq) + 4 H2O (l)

2 MnO4
− (aq) + 5 H2C2O4 (aq) + 6 H

+ (aq) → 2 Mn2+ (aq) + 10 CO2 (g) + 8 H2O (l)  
 

• Near the endpoint a slight ________ color will appear to represent excess MnO4–.  
 

Oxidation Reactions
 

 

In highly basic solutions with pH ≥ 12, permanganate is reduced to the _____________ manganate ion:  
 

MnO4
− (aq) + e− MnO4

2− (aq)  
 

In highly acidic solutions with pH≤ 1, permanganate is reduced to the _____________ manganese (II) ion:  
 

MnO4
− (aq) + 8 H+ (aq) + 5 e− Mn2+ (aq) + 4 H2O (l)  

 

In neutral and basic solutions, permanganate is reduced to a _____________ manganese (IV) oxide precipitate:  
 

MnO4
− (aq) + 4 H+ (aq) + 3 e− MnO2 (s) + 2 H2O (l)  
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CONCEPT: OXIDIZING AGENTS – CERIUM (IV) ION 
Like other strong oxidizing agents the cerium (IV) ion must first be prepared before it can take part in a redox titration.  

• It is less commonly used because of the cost in preparation, storage and utilization.  

Ce4+(aq) + e− Ce3+ (aq)
 

• The cerium (III) ion is more stable oxidative state of the two ions.  
 

Standardization
 

There are different ways to prepare a cerium (IV) ion solution: 

• From a primary standard of cerium (IV) ammonium nitrate, Ce(NO3)4 ⋅2 NH4NO3 dissolved in 1.0 M H2SO4 

solution.  

• From Ce(OH)4 being standardized against primary reducing agents such as Fe2+ or H2C2O4 as using a ferroin 

indicator.  

Ce4+ (aq) + Fe2+ (aq)→Ce3+ (aq) + Fe3+ (aq)

2 Ce4+ (aq) + H2C2O4 (aq)→ 2 Ce3+ (aq) + 2 CO2 (aq) + 2 H
+ (aq)

 

Oxidation Reactions  
A common reaction involves the reaction of ferrous ammonium sulfate hexahydrate, (NH4)2Fe(SO4)2 ⋅6 H2O , cerium 
(IV) ammonium nitrate, Ce(NO3)4 ⋅2 NH4NO3 . 

• The net-ionic equation can be seen as:  
 

Ce4+(aq) + Fe2+ (aq)→Ce3+ (aq) + Fe3+ (aq)  
 

Another reaction involves the oxidation of malonic acid.  
• The overall reaction can be seen as:  

 

HC3H3O4 (aq) + 6 Ce
4+ (aq)→HCO2H + 2 CO2 (g) + 6 Ce

3+ (aq) + 6 H+ (aq)  
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CONCEPT: OXIDIZING AGENTS – DICHROMATE ION 
The dichromate ion is not as strong of an oxidizing agent as Ce4+ or MnO4–, but is more readily available and stable.  

• Its reduction half-cell reaction within an acidic solution can be seen as:  
 

Cr2O7
2− (aq) + 14 H+ (aq) + 6 e− 2 Cr3+ (aq) + 7 H2O (l)  

 

• Diphenylamine sulfonic acid or diphenylbenzidine sulfonic acid are the preferred indicators to discover the end 
point, while the overall reaction is monitored the calomel and Pt electrodes.  

Diphenylamine sulfonic acid Diphenylbenzidine sulfonic acid

NH NH SO3––O3S N N SO3––O3S

+   2 H+   +   2 e–Reduced form (_______________ ) Oxidized form (_______________ )  

• Once placed into a basic solution dichromate is converted to chromate ion:  

       
CrO4

2− (aq) + 4 H2O (l) + 3 e
− Cr(OH)3 (s) + 5OH

− (aq)
 

 

Oxidation Reactions  
The dichromate ion is predominantly used as an oxidizing agent in organic reactions.  

• 1o Alcohols can be oxidized into aldehydes and, under more stringent conditions into carboxylic acids.  
 
 
 
 
 
 

• 2o Alcohols can be oxidized into ketones, while 3o Alcohols cannot be oxidized.  
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CONCEPT: OXIDIZING AGENTS – TRIIODIDE ION 
Triiodide ion represents the weakest of the 4 strong oxidizing agents.  

• It is only useful when the analyte is a stronger reducing agent.  
 

It’s half-cell reduction reaction can be seen as:  

I2 (aq) + 2 e
− 2 I − (aq)  

Molecular iodine is slightly soluble in an aqueous solution and so iodide ion is added to form the more soluble triiodide ion.   

I2 (aq) + I
− (aq) I3

− (aq)
 

This creates the new reduction reaction as:  

I3
− (aq) + 2 e− (aq) 3 I − (aq)  

Standardization
 

A solution of triiodide ion is normalized by using Na2S2O3 while using starch as an indicator for the triiodide ion.  

I3
− (aq) + 2 S2O3

2− (aq) 3 I − (aq) + 2 S4O6
2− (aq)

 
Newly created iodide solution is colorless, but with exposure to air the iodide ion will undergo oxidation to the yellow triiodide 
ion.  
 
 
 
 

Oxidation Reactions  
Ascorbic acid, also known as Vitamin C, is often called the “biological anti-oxidant” because of its role as a reducing agent.  

• Iodine can quickly oxidize ascorbic acid, C6H8O6, to generate dehydroascorbic acid, C6H6O6:  

 

	

	

 

C6H8O6 (aq) + I2 (aq) C6H6O6 (aq) + 2 I
− (aq) + 2 H+ (aq)
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