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Electrode Potentials  
 
Electrochemical cells can be made from two different metals immersed in salt solutions of their 
own ions and connected by a wire (external circuit).  There are always two reactions within an 
electrochemical cell, oxidation and reduction, meaning it is a redox process. 
 
The standard electrode potential of a half cell is the voltage measured against the standard 
hydrogen electrode under standard conditions. These are: 

- 298 K  
- 1 mol dm-3  
- 100 kPa 

 
 
To work out the overall cell potential (when two half cells are connected): 
 

 Emf(cell)  =  Eo(right) - Eo(left) 
 
The half cell undergoing a reduction reaction has the more positive electrode potential. The 
oxidation half cell has the more negative electrode potential. 
 
 
Example 1:  
Work out the overall cell potential half cells 1 and 2 are connected. 
 

  Half-reaction E/V 

1 Zn2+(aq) + 2e ⇋ Zn(s) -0.76 

2 Fe2+(aq) + 2e ⇋ Fe(s) -0.44 

3 Fe3+(aq) + e ⇋ Fe2+(aq) +0.77 

4 Ag+(aq) + e ⇋ Ag(s) +0.80 

5 Cl2(g) + 2e ⇋ 2Cl-(aq) +1.36 

 
Step 1: Work out which half cell undergoes reduction or oxidation.  
 
⇒ The more positive half cell is cell 2 therefore half cell 2 undergoes reduction and therefore 
half cell 1 undergoes oxidation.  
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Step 2: Calculate the overall cell potential using the formula: Eocell = Eoreduction - Eooxidation 

 
-0.44 - (-0.76) = 0.32 V 
 
 
Example 2:  
Work out the overall cell potential half cells 4 and 5 are connected. 
 

  Half-reaction E/V 

1 Zn2+(aq) + 2e ⇋ Zn(s) -0.76 

2 Fe2+(aq) + 2e ⇋ Fe(s) -0.44 

3 Fe3+(aq) + e ⇋ Fe2+(aq) +0.77 

4 Ag+(aq) + e ⇋ Ag(s) +0.80 

5 Cl2(g) + 2e ⇋ 2Cl-(aq) +1.36 

 
Step 1: Work out which half cell undergoes reduction or oxidation.  
 
⇒ The more positive half cell is cell 5 therefore half cell 5 undergoes reduction and therefore 
half cell 4 undergoes oxidation.  
 
Step 2: Calculate the overall cell potential using the formula: Eocell = Eoreduction - Eooxidation 

 
⇒ 1.36 - 0.8 = 0.56 V 
 
 
Worked Exam Style Question  
 
Question 1 
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Step 1: Work out which half cell undergoes reduction or oxidation.  
 
⇒ The more positive half cell is II therefore half cell II undergoes reduction and therefore half 
cell I undergoes oxidation.  
 
Step 2: Calculate the overall cell potential using the formula: Eocell = Eoreduction - Eooxidation 

 
⇒ -0.26 - (-0.44) = 0.18 V 
 
 
Try this question… 
 
1. 

 
 
 

[1 mark] 
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Redox Titrations  
 
Method for balancing half equations: 
 

1. Balance all atoms except for oxygen and hydrogen.  
2. Add H2O to balance oxygens (if needed). 
3. Add H+ ions to balance hydrogens (if needed). 
4. Add e- to balance out charges. 

 
 
Example 1:  
Write the full half equations for Fe2+ → Fe3+ and Cr2O72- → Cr3+ and then combine half 
equations.  
 
Step 1: Write the full half equation for iron.  
 
Fe2+ → Fe3+ 
 
[The only thing that isn’t balanced are the charges.] 
 
⇒ Fe2+ → Fe3+ + e-  
 
 
Step 2: Write the full half equation for the chromium ion using the method above. 
 
Cr2O7

2- → Cr3+  
 
[Balance oxygen.] 
 
Cr2O7

2- → 2Cr3+ + 7H2O  
 
[Balance hydrogen.] 
 
Cr2O7

2- + 14H+ → 2Cr3+ + 7H2O  
  
[Balance changes] 
 
⇒ Cr2O7

2- + 14H+ + 6e- → 2Cr3+ + 7H2O  
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Step 3: Combine the two half equations.  
 
⇒ Cr2O7

2- + 14H+ + 6e- → 2Cr3+ + 7H2O  
                             Fe2+ → Fe3+ + e-  
 
[Balance electrons.] 
 
Fe2+ → Fe3+ + e- (x6)  
 
⇒                                       6Fe2+ → 6Fe3+ + 6e-  
      6Fe2+ + Cr2O7

2- + 14H+ + 6e-  → 6Fe3+ + 6e- +  2Cr3+ + 7H2O  
 
[Cancel the electrons] 
 
⇒ 6Fe2+ + Cr2O7

2- + 14H+  →  6Fe3+ +  2Cr3+ + 7H2O  
 
 
 
Worked Exam Style Questions 
 
Question 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1: Write the half equation for MnO4

- from the overall equation.  
 
⇒  2MnO4

- + 16H+ + 10e- → 2Mn2+ + 8H2O  
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Step 2: Write in the missing components of the half equation for the oxidation of H2O2.  
 
[There are 16 H+ in the half equation for MnO4

- therefore there must be 10H+ ions on the other 
side of the half equation for the oxidation of H2O2.] 
 
5H2O2 → 10H+ 

 
[5 oxygen molecules in the overall equation which are not present for the half equation of the 
reduction of MnO4-] 
 
5H2O2   → 10H+ + 5O2 

 
[Balance out the charges.]  
 
5H2O2 + 10e-  → 10H+ + 5O2 
 
[Cancel down the multiples.] 
 
⇒ H2O2 + 2e-   → 2H+ + O2 
 
 
Question 2 

 
[6 marks] 

H2O2 + 2e-   → 2H+ + O 2 
MnO4- + 8H+ + 5e- → Mn2+ + 4H2O  

 
 
 
Part 1 
Step 1: Calculate the number of moles of KMnO4/ MnO4

- ions.  
 
⇒ Moles = concentration x volume  
               = 0.02 x (23.45/1000) 
               = 4.69 x 10-4 moldm-3 
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Step 2: Find the molar ratio. 
 
Molar ratio: MnO4

-  :  H2O2  
         2 : 5 

 
Step 3: Therefore work out the moles of H2O2. 
 
1.5 x 4.69 x 10-4 = 1.1725 x 10-3  moles 
 
Step 4: Work out the concentration of H2O2 in this sample.  
 
⇒ Concentration = moles / volume  
                           = 1.1725 x 10-3 / 0.025 
                           = 0.0469 moldm-3 
 
Step 5: Work out the concentration of the undiluted of solution.  
 
The dilution factor is 10. 
(25 x 10 = 250) 
 
⇒ 0.0469 x 10 = 0.469 moldm-3 
 
Step 5: Convert mol dm-3 to g dm-3. 
 
Mass = mr x mol  
 
⇒ Mr of H2O2  = 2 + (16 x 2) 
                        = 34  
 
⇒ 0.469 x 34 = 15.9 gdm-3 
 
 
Part 2  
Step 1: Using stoichiometry work out the number of moles of oxygen molecules.  
 
Molar ratio:    H2O2 : O2 

     1 : 1 
 
⇒ Moles of oxygen = 1.1725 x 10-3  
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Step 2: Work out the volume of gas using: moles x 24 = volume 
 
⇒ 1.1725 x 10-3 x 24 = 0.0281 dm3  
 
 
Question 3 

  

 

[5 marks]  
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Step 1: Work out the number of moles of potassium dichromate.  
 
⇒ Moles = concentration x volume  
               = 0.02 x (26.5/1000) 
               = 5.3 x 10-4  
 
Step 2: Using stoichiometry work out the number of Fe3+ ions.  
 
Molar ratio:   Cr2O7 : Fe3+  

      1 : 6 
 
⇒ 5.3 x 10-4 x 6 = 3.18 x 10-3  
 
Step 3: Work out the number of moles in the original 250 cm3.  
 
The dilution factor is 10.  
 
⇒ 3.18 x 10-3 x 10 = 3.18 x 10-2  
 
Step 4: Work out the mass of Fe3+ ions.  
 
⇒ Mass = Mr x mole 
              = 55.8 x 3.18 x 10-2  
  
              = 1.77444 g 
 
Step 5: Calculate the percentage of mass of iron.  
 
(1.77444 / 3.25) x 100 = 54.6 % 
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Try these questions... 
 
2. 

 [4 marks]  
 
 
 
3. 
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[9 marks] 
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Answers 

 
Q1.

 
 
 
Q2. 

 
 
 
Q3. 
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