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Table 3.1: Standard electrode potentials of some selected redox couples 

Reduction half-reaction Eo, volt 

F2(g)   + 2e                    2F-(aq) +2.866 

O3(g)  +  2H+(aq)  +  2  e                     O2(g)  +  H2O(l)    +2.075 

S2O82-(aq)  +  2e                         2SO42-(aq) +2.01 

MnO4-(aq)  +  8H+  +  5e                  Mn2+(aq)  +  4H2O(l) +1.51 

Cr2O72-  +  14H+(aq)  +  6e                      2Cr3+(aq)  + 7H2O(l) +1.33 

O2(g)  + 4H+(aq)  +  4e                       2H2O(l) +1.229 

Br2(l)  +  2e                   2Br-(aq) +1.065 

Ag+(aq)  +  e                   Ag(s) 0.800 

Fe3+(aq)  +  e                   Fe2+(aq) +0.771 

Cu2+(aq)  +  2e                   Cu(s) +0.340 

SO42-(aq)  +  4H+(aq)  +2e                  2H2O(l)  +  SO2(g) +0.17 

Sn4+(aq)  +  2e                    Sn2+(aq) +0.154 

S(s)  +  2H+(aq)  +2e                   H2S(aq) +0.14 

2H+(aq)  +  2e                    H2(g) 0 

Pb2+(aq)  +  2e                 Pb(s) -0.125 

Sn2+(aq)  +  2e                 Sn(s) -0.137 

Co2+(aq)  +  2e                   Co(s) -0.277 

Fe2+(aq)  +  2e                  Fe(s) -0.440 

Zn2+(aq)   +  2e                Zn(s) -0.763 

Al3+(aq)  +  3e                  Al(s) -1.676 

Mg2+(aq)  +  2e                  Mg(s) -2.356 
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in a lead-acid battery is to measure the density of the acid. The more concentrated 

the acid the greater its density. 

Do you know why the car battery has to be replaced? In principle, a lead acid 

storage battery should last indefinitely, but it does not. During discharge of the 

battery, PbSO4(s) deposit on the electrodes in a finely divided form. If a discharge 

battery stands for a long time, the small grains of PbSO4(s) may grow into large 

crystals that fall from the electrode. When the PbSO4(s) is in this form, the battery can 

no longer be recharged. This condition is referred to as ‘sulfating’ and is an 

important cause of battery failure. 

   1.6.3: Fuel Cells 

You know in our modern world we depend mainly on fossil fuels. However, 

combustion of fuels and conversion of the heat evolved to electricity is quite limited 

in efficiency. You will however be alarmed to note that in contrast, a voltaic cell is 

able to convert chemical energy to electricity with an efficiency of 90% or more. 

Combustion reactions and voltaic cells reactions both involve oxidation and 

reduction. You can thus design a voltaic cell in which the cell reaction is equivalent 

to a combustion reaction. Such voltaic cells are called fuel cells. The reactions within 

the fuel cells are as follows; 

Fuel  +  Oxygen                    Oxidation products 

In the hydrogen-oxygen cell, hydrogen and oxygen gases follow over separate inert 

electrodes in contact with an electrolyte such as KOH(aq). The reactions are shown 

below. 
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anions of oxoacids, such as C1O4- or NO3-, which are often more strongly oxidizing 

than the hydrogen ion.  

2.6.2: Passivation 

 You have just established a thermodynamic criterion for predicting whether a 

mineral acid has an effect on a given metal or not. There are cases where a 

thermodynamics tendency is not realized in practice. You can yet still relay on an 

explanation based on kinetics that is, related to the rates of reactions.   

You can take the standard reduction potential of aluminum (- 1.66V) as a case. The 

negative value suggests that, unlike copper, it should react with nitric acid (+0.96 V). 

In practice however, it does not. Aluminum does not react with the acid because any 

A13+ions that are produced immediately form a hard, unreactive, almost 

impenetrable layer of aluminum oxide on the surface of the metal. This layer 

prevents further reaction, and in this case you say that the metal has been 

passivated, or protected from further reaction by a surface film. The passivation of 

aluminum is of great commercial importance because it enables the metal to be used, 

among many other things, for airplanes and window frames in buildings. 

Aluminum containers are used to transport nitric acid, for once the surface is 

passivated, no further reaction occurs. 

2.6.3: Corrosion 

The electrochemical series can give you some insight into that often depressing 

feature of everyday life, corrosion. Any element lower than the H2O/ H2, OH-couple 
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Self Assessment Questions 

1. Name any analyte and the corresponding membrane material that be used in 

the voltammetric detection of the analyte. 

Session 2 Amperometry and amperometric titrations 

You were told in unit three that there are various types of voltammetry. In this session you 

are going to meet yet another type which unlike most of the others does not produce a 

voltammogram. 

 

Objectives  

 By the end of this session, you should be able to: 

1. Explain the principle of amperometry 

2. Explain the process of amperometric titration 

3. Plot amperometric titration curves 

4. Determine the end point of amperometric titration by extrapolation from the 

titration curve. 

5. Name some amperometric biosensors 

4.2.1: General principle 

Amperometry is a voltammetric technique in which a constant potential is applied to 

the working electrode, and current is measured as a function of time. You will notice 

at once that plot of current versus applied voltage cannot be obtained in this case. So 

since the potential is not scanned, amperometry does not lead to a voltammogram. 
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In the past, linear-scan voltammetry was used for the quantitative determination of a 

wide variety of inorganic species, including molecules of biological and biochemical 

interest. Pulse methods have largely replaced classical voltammetry because of their 

greater sensitivity, convenience, and selectivity. Generally, quantitative applications 

are based on calibration curves which in peak heights are plotted as a function of 

analyte concentration. In some instances the standard- addition method is used in 

lieu of calibration curves. In either case, it is essential that the compositions of 

standard resemble as closely as possible the composition of the sample, both as to 

electrolyte concentration and pH.  When this is matching is done, you can achieve 

relative precisions and accuracies in the 1 to 3% range. 

4.6.2: Inorganic applications  

Voltammetry is applicable to the analysis of many inorganic substances. Most 

metallic cations, for example, are reduced at common working electrodes. Even the 

alkali and alkaline-earth metals are reducible, provided the supporting electrolyte 

does not react at the high potentials required. You will find that the tetraalkyl 

ammonium halides are useful electrolyte because of their high reduction potentials.  

The successful voltammetric determination of cations frequently depends on the 

supporting electrolyte that is used. Tabular compilations of half-wave potential data 

are usually available that always help in your choice of an electrolyte. The judicious 

choice of anion often enhances the selectivity of the method. For example, with 

potassium chloride as a supporting electrolyte, the wave for iron (III) and copper (II) 

interfere with one another. In a fluoride medium, however, the half-wave potential 

of iron (III) is shifted by about -0.5 V, while that for cooper (II) is altered by only a 
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platinum working electrode is immersed in the solution and held at a constant 

potential of +0.40 V versus the SCE. At this potential Ag(I) deposits on the Pt 

electrode as Ag, and the other metal ions remain in solution. When electrolysis is 

complete, you can use the total charge to determine the amount of silver in the alloy. 

The potential of the platinum electrode is then shifted to –0.08 V versus the SCE, 

depositing Bi on the working electrode. When the coulometric analysis for bismuth 

is complete, antimony is determined by shifting the potential of the working 

electrode to –0.33 V versus the SCE, depositing Sb. Finally, cadmium is determined 

following its electrodeposition on the Pt electrode at a potential of –0.80 V versus the 

SCE.  

Another area where controlled-potential coulometry has found application is in 

nuclear chemistry, in which elements such as uranium and polonium can be 

determined at trace levels. For example, microgram quantities of uranium in a 

medium of H2SO4 can be determined by reducing U(VI) to U(IV) at a mercury 

working electrode. Controlled-potential coulometry also can be applied to the 

quantitative analysis of organic compounds, although the number of applications is 

significantly less than that for inorganic analytes. One example is the six-electron 

reduction of a nitro group, –NO2, to a primary amine, –NH2, at a mercury electrode. 

Solutions of picric acid, for instance, can be analyzed by reducing to triaminophenol. 

5.5.2: Application of Controlled-Current Coulometry in quantitative analysis  

The use of a mediator makes controlled-current coulometry a more versatile 

analytical method than controlled-potential coulometry. For example, the direct 
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In this session you will learn about how potentiometric measurements are done taken into 

consideration the effect of interfering ions in solution 

6.4.1 Membrane selectivity 

Membrane potentials result from a chemical interaction between the analyte and 

active sites on the surface of the membrane. Once the signal depends on a chemical 

process, most membranes are not selective toward a single analyte. Instead, the 

membrane potential is proportional to the concentration of all ions in the sample 

solution capable of interacting at the active sites of the membrane. So in 

potentiometric measurements you need to work out the effect of interfering ions on 

the electrode potentials. This is done by the use of selectivity coefficients that takes 

into consideration the charge on the ion. Expressions for selectivity coefficients are 

presented below. 

6.4.2: Expressions for selectivity coefficients 

If an ion-selective electrode is in a solution containing a mixture of cations or anions 

if it is an anion responsive electrode,, it may respond to other cations. For instance, if 

you have a mixture of sodium and potassium ions, and the electrode responds to 

both, the Nernst equation must include additive terms for the potassium activity. 

ENaK  =  kNa  -  
2.3.3𝑅𝑇

𝐹
log[(aNa)1/m  + (KNaK)1/m(aK)1/m)]m 

ENaK is the potential of the electrode in a mixture of sodium and potassium, KNaK is 

the selectivity coefficient of the electrode for potassium over sodium. It is equal to 

the reciprocal of KKNa, which is the selectivity coefficient of sodium over potassium. 
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SESSION 2 

1. This is to ensure that the potential of the reference electrode is kept 

relatively fixed since current flowing through it can cause a change in its 

potential. 

SESSION 3 

1. In voltammetry, if the separation between the half-wave potentials or peak 

potentials is sufficient, each component can be determined independently as 

if it were the only component in the sample. This is not the case with 

spectroscopic methods 

SESSION 4 

1. The advantages are; 

(a) The electrode surface is renewable 

(b) The size of the drop is reproducible 

(c) It free from contamination and thus not passivated 

SESSION 5 

1. For reversible electrode reaction the following must be observed on the 

voltammogram. 

(a) The cathodic and anodic peak currents must be equall 

(b) ∆Ep  =  │ Epa - Epc│ = 0.0592/n. Where n is the number of electrons 

involved in the half-reaction. 

SESSION 6 
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