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5. ELECTROCHEMISTRY 

2.113	 A potential difference is set up when a metal is placed in contact 		
	 with its ions in  solution.

2.114	 An electrochemical cell is composed of two half cells between which 	
	 electrical  contact is made by an electrolyte, often in the form of a 		
	 salt bridge.

2.115	 Cell and cell emf conventions are recommended by IUPAC.

	 For example, a cell reaction between zinc and copper can be 		
	 represented as:
   		  Zn | Zn2+

(aq) || Cu2+
(aq) | Cu

	 The equation for this cell is written as:
     		  Zn(s) 	   + 	 Cu2+

(aq) 	 → 	 Zn2+
(aq)  + 	 Cu(s)

2.116	 A positive emf is obtained if the reaction takes place in the direction 	
	 as written.

2.117	 The emf of a cell (E) is the electric potential difference between the 	
	 electrodes of the  cell, i.e. E(right) - E(left) when no current is drawn.

2.118	 Cell emf depends on the concentration, the temperature and the type 	
	 of cell.

2.119	 Cell emf values are usually considered at standard conditions.

2.120	 Standard conditions for the measurement of electrode potentials refer 	
	 to a situation in  which all pressures are one atmosphere, 			 
	 concentrations of solutions are one mole per cubic decimetre and in 	
	 which temperature is specified normally at 298K.

2.121	 The absolute value of the electrode potential of a half cell cannot be 	
	 determined  experimentally.

2.122	 The standard electrode potential of a half cell is the potential 
	 measured against the standard hydrogen electrode under 
	 standard conditions.
	
2.123	 The standard hydrogen electrode potential is given an arbitrary 
	 value of 0.00 V.

2.124	 The emf of a cell under standard conditions (E°) can be calculated 		
	 from the tabulated values of standard reduction potentials.

2.125	 The relative strengths of reducing agents and oxidising agents under 	
	 standard  conditions can be estimated from standard reduction 		
	 potentials.
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2.126	 For a standard cell operated under conditions of thermodynamic 	
	 reversibility the standard free energy change for the cell reaction 
	 is related to cell emf by the  expression

     			   ∆G° = -nFE°

2.127	 A fuel cell operates like an electrochemical cell, the only 
	 difference being that the  fuel for the reaction is provided from 
	 external reserves of gas, for example the hydrogen/oxygen fuel 
	 cell.
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Q1			 
 

										          The emf of the cell operating under 
										          standard condition is  1.03 V.

	 a)	 Calculate the standard reduction potential for the half-cell reaction:
 

				    M2+
(aq)  +  2e– →  M(s)	  								        1

	 b)	 Calculate the free energy change for this cell operating 
		  under standard conditions.	          								        2

	 c)	 Why is a low resistance voltmeter not used to measure the emf of the cell?	          	
																	                 1

	 d)	 Name a solution which could be used in the salt bridge of 
		  the above cell.	          											           1
																	                 (5) 

Q2

										          	 When the cell is operating under 		
											           standard conditions, the reading on 
											           the voltmeter is 0.48 V.

	

	 a)	 Calculate the standard reduction potential for the half-reaction: 

			   Co2+
(aq)  +  2e– → Co(s)	  									         1

	 b)	 Calculate the standard free energy change for this cell.					     3
																	                 (4) 
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Q3					     Electrode					    Electrode
			 

	 FUEL					           Electrolyte						       OXYGEN	
						    
	

	

Fuel cells are essentially devices for producing electricity from a combustion reaction.  
They consist of two electrodes and an electrolyte. Electrochemical reactions occur at the 
electrolyte/electrode interface, where chemical energy is converted directly into electrical 
energy.  The electrodes catalyse the oxidation of the fuel and the reduction of the oxygen 
and they also function as interfaces between the reactants and the electrolyte. 
 

Two types of fuel cell being developed for large-scale use, which use hydrogen and air as 
reactants, are described below.
	

	 1.	 The phosphoric acid fuel cell	

		  The electrolyte is 95% phosphoric acid and the electrodes are carbon covered 		
			   with platinum.  The electrode half-reactions are: 

			   ½O2  +  2H+  + 2e–  → H2O  	    and  	 H2  →  2H+  +  2e–

	

	 2.	 The alkaline fuel cell
	

		  The electrolyte is 30–70% potassium hydroxide and electrodes such as nickel, 
		  silver and platinum have been tried.  The electrode half-reactions are: 

			   ½O2 + H2O + 2e–  →  2OH– 	    and 	 H2 + 2OH–  →  2H2O + 2e–	
	

		  A serious disadvantage of this cell is that the air must have carbon dioxide 
		  removed before use. 

Fuel cells are clean (producing no toxic or corrosive substances) and silent, they contain 
no moving parts and are easily maintained.  However, if fuel cells are to replace 
conventional power stations to generate electricity, these advantages must outweigh the 
two main disadvantages, namely:	

	  i)	 they are very expensive since the materials used in their manufacture must meet 
		  a high specifications
	

	 ii)	 their efficiency is limited by the need to convert from direct to alternating 
		  current.
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	 a)	 Give a piece of information found in the passage above that suggests that 
		  fuel cell reactions are exothermic.	          							       1

	 b)	 Why must air have carbon dioxide removed from it before 
		  use as the oxidant in the alkaline fuel cell?	          					     1

	 c)	 The overall reaction is common to both cells.   
		  Show this by writing the appropriate equation.	          				    1

	 d)	 In the phosphoric acid fuel cell, the electrode is carbon covered with 
		  platinum. Give a reason for using this type of electrode.	          		  1

	 e)	 Fuel cells do not cause the pollution problems associated with conventional 			 
	 	 power generation.   Give a specific example to justify this statement.	  	 1
																	                 (5) 

Q4	 a) 	 What is the E° for the cell

								        Mg | Mg2+ || Sn2+ | Sn					     2

	 b)	 Write the equation for the cell reaction.								        1
																	                 (3)

Q5	 a) 	 What is the E° for the cell

								        Ni | Ni2+ || Cu2+ | Cu						     2

	 b)	 Write the equation for the cell reaction.								        1
																	                 (3)

Q6	 a) 	 Explain what you understand by the terms oxidation and reduction.		  2

	 b)	 Illustrate your answer to a) by writing separate electron half equations for the 
		  oxidation and reduction processes when the following substances react.

			    i) 	 Mg with C12											           2
			   ii) 	 acidified KMnO4 with Na2SO3								       2
			   iii) 	 Fe3+ with I— 											           2
																	                 (8)
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Q7	 The rusting of iron is an oxidation process.

	 a) 	 Explain, with appropriate equations, what happens when iron rusts.		  3

	 b)	 Iron may be protected from rusting by coating with zinc or tin. 

		  By reference to the Standard Reduction Potentials in the Data Book, 
		  explain why zinc protects iron more effectively than tin, once the 
		  protective metal coating has been 	 scratched to expose the iron below.		 2
																	                 (5)

Q8	 The following table gives the standard electrode potentials for a number of half 
	 reactions.

												            E°/volts

				    Zn2+	   +    2e -	 ➝	  Zn				    - 0.76
		

				    Fe2+  	   + 	  2e -	 ➝	  Fe				    - 0.44

				    12 	    + 	  2e - ➝	 21-				    + 0.54

				    Fe3+	    +     e -	 ➝	  Fe2+				   + 0.77
		

				    Ce4+     + 	   e -	 ➝	  Ce3+				   + 1.61

	 a)	 Which of the substances in the table above is:

		  i) 	 the strongest oxidising agent,
		  ii) 	 the strongest reducing agent?									         2

	 b)	 Which substance(s) in the table could be used to convert 
		  iodide ions to iodine? 

		  Write balanced equations for any possible conversions.					    2

	 c)	 Write an equation for the reaction you would expect to occur when an 
		  iron nail is placedin a solution of iron(Ill) sulphate.

		  What would be the E° for the reaction?								        2
																	                 (6)
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Q9	 The following equation can be used to calculate the half cell potential of a 
	 silver half cell at different concentrations Ag+

(aq) ions at 298K.

			   E = E° + 0.05921og10[Ag+]

	 For example, with 0.001 M Ag+
(aq) ions and E° = 0.80V

			   E = 0.80 + 0.05921og10(0.001) = 0.80 + 0.0592( -3) = 0.62V

	 a)	 Explain why E = E° when concentration of metal ions is 1.0 M.			   1
	
	 b)	 A cell can be made using two different concentrations of Ag+

(aq)

			   ie	 Ag | Ag+ (0.001M) || Ag | Ag+ (1M)

	  i) 	 Calculate the e.m.f. of the cell										         2

	 ii)	 Which way will the electrons flow through the wires? 
		  Explain your answer.											           1

	 iii)	 Calculate ∆G for the reaction in this cell.							       2

	 iv)	 Given that ∆H for the overall cell reaction is 0, 
		  calculate the value of ∆S at 298K.									         2
																	                 (8)
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Q10		 The two equations are for two hydrolyses:

			   SiC14(l) + 	2H2O(l)   ➝	 SiO2(s) + 	 4HC1(g) 			   ∆G° 298 = -139 kJ

			   CC14(l) + 	2H2O(l)   ➝	 CO2(g) + 	 4HC1(g) 			   ∆G° 298 = -234 kJ

	 a)	 Suggest a reason why the of the CCl4 reaction more negative than
		  the SiCl4 reaction.												            1

	 b)	 From this information alone what predictions can be made about their

		   i) 	 feasibility, 

		  ii) 	 position of equilibrium 

		  iii) 	 rate?														             3

	 c)	 In practice, the addition of water to tetrachiorosilane (SiCl4) results 
		  in an immediate vigorous hydrolysis. The addition of water to 
		  tetrachloromethane has no effect even with prolonged boiling.

		  Suggest an explanation for this difference.							       2
																	                 (6)
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						      Answers	

Q1	 a)		  Eθcell  = EθAg – EθM  

	 	 ∴	 EθM  = –1.03 + 0.8 = – 0.23 V 								        1

	 b)	 ΔG	 =	 –nFE = –2 × 96500 × 1.03 	 	 	 (1)
			   =	 –198.79 kJ mol–1					     (1)
			      														              2
		  (If student shows clearly that Ag+ is used and has n = 1 		
		  then accept 99.39 kJ.) 

	 c)		  Maximum work would not be obtained from cell 
		  or 	 thermodynamically  reversible conditions do not apply 
		  or 	 current would be drawn from cell (any one).						      1

	 d)	 A Group 1 metal (or  NH4
+) nitrate.  								        1

																	                 (5)

Q2	 a)	 –0.28 V 														              1

	 b)	 ΔG	 =	 –nFE 	 	 	 	 	 	 	 (1)
	 	 	 =	 –2 × 96500 × 0.48 	 	 	 	 	 (1)
			   =	 92.6 kJ mol–1						      (1)
	 	 (–1 if n = 1; –1 if wrong voltage; –1  if ΔG = +nFE )  	 	 	 	 	 3
				     													             (4)

 
Q3	 a)	 Combustion reaction or oxidation of fuel.							       1

	 b)	 To prevent the CO2 from reacting with the potassium hydroxide (OH–). 	 1

	 c)	 H2  +  ½O2  →  H2O  											           1

	 d)		  Cheaper than pure platinum 
		  or 	 increase the surface area  
		  or 	 platinum is unreactive (any one). 								        1

	 e)		  Fuel cells do not produce CO2, SO2 or radioactive waste; 
		  or	 fuels cells are not corrosive/toxic; 
		  or	 fuels cells are silent   
								        (any one).  							       1
																	                 (5) 


