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Understandings: 

1. Explain oxidation and reduction.  

- It is just an explanation of a certain phenomenon. It is when elements either experience a 

loss or gain in electrons.  

Oxidation is loss of electrons OIL. Reduction is gain in electrons RIG. 

In biology, we just say oxidation is loss of hydrogen atoms and reduction is gain in hydrogen 

atoms, since one hydrogen atom has one electron. It is basically the same.  

When a reaction changes the oxidation states, we have a redox reaction.  

2. Explain oxidizing agent and a reducing agent. 

- Oxidizing agent is the element that makes the other element oxidize, thus making itself 

reduce. Reducing agent is the element that makes the other element reduce, thus making 

itself oxidize. THEY ALWAYS COEXIST! 

Sometimes, oxidizing agent is called oxidant and reducing agent is called reductant.  

Simple.  

3. State that different oxidation numbers exist for transition metals and for most main-

group non-metals. 

- Yes, transition metals have many oxidations states due to the many electrons in their d-

orbital. Non-metals can also change in oxidation number depending on which element it 

reacts with, in terms of electronegativity.  

4. Explain what the activity series is and the meaning of its value. 

- Activity series (it’s in the data booklet) is a table that shows which element is the most 

reactive.  

A metal with high activity series means that it oxidizes very easily. When it oxidizes easily, it 

is also a strong reducing agent.  

A non-metal with high activity series means that it reduces very easily. When it reduces 

easily, it is a strong oxidizing agent.  
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5. Explain different redox titrations.  

- This works very similarly to the acid-base titrations. The only difference now is that our 

indicator for equivalence point is not an acid-base indicator, but the color of the ions.  

We should know three redox titrations. We don’t have to memorize the reactions, but know 

how to use them.  

1. Iron with manganate(VII): 

5Fe2+ + MnO4
- + 8H+ → 5Fe3+ + Mn2+ + 4H2O 

KMnO4 is the oxidizing agent and has a dark purple color. When the reaction is titrated, i.e. 

when we have 5 moles of Fe2+ and 5 moles of manganate, we get Mn2+ (reduced) which is 

colorless. Thus we don’t need any separate indicator. It is indicator for itself.  

So what we see is that as we titrate with MnO4
- into the solution with Fe2+, we will have 

colorless solution as long as there is Fe2+. Once we don’t have Fe2+, the solution will become 

purple.  

Now, why do we use this? Well, this is useful when it comes to precise calculations for pills 

that require certain amount of iron, and also iron content in hemoglobin and iron ores.  

2. Iodine-thiosulphate reaction: 

The idea of this titration is to use the color formed by iodine and starch, strong blue, to 

determine the mole, concentration, whatever.  

We do this firstly by converting any 2I- into I2 by a strong oxidizing agent because this way, 

we can then use the I2 to convert it back to 2I- and see qualitative changes.  

2I- + any good oxidizing agent → I2 (aq) + reduced product 

That aqueous iodine is then titrated with Na2S2O3. Na+ is omitted from the overall reaction 

because it is just a spectator ion.  

2S2O3 + I2 (blue color when there is starch) → 2I- + S4O6
2- 

This reaction is useful when it comes to determining the concentration of certain molecules, 

such as household bleach. 

3. Winkler method to calculate dissolved oxygen: 

This method is useful when we want to calculate oxygen content in water. Biological oxygen 

demand (BOD) is a measure that tells us the amount of oxygen used to decompose organic 

matter, over five days at a particular temperature. High BOD means that a lot of oxygen is 

used due to organic degradable pollutants. This in turn means that oxygen concentration is 

low in that water.  
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2Mn2+ (aq) + O2 + 4OH- → 2MnO2 (s) + 2H2O 

This reaction will change color from colorless to little brownish, as Mn2+ changes to Mn4+. 

Then, iodide is added together with an acid, or perhaps simply HI.  

MnO2 (s) + 2I- + 4H+ → Mn2+ + I2 + 2H2O 

Now, we just have to titrate with sodium thiosulphate like we did in the previous redox 

titration.  

2S2O3
2- + I2 (aq) → 2I- + S4O6

2-  

Now, we should know the amount of moles of sodium thiosulphate. The, we can go 

backwards to trace back to oxygen and determine its mole. We have the mole, and when we 

have the initial volume of water used, we can work out the concentration.  

Applications and skills: 

1. Be able to deduce the oxidation states of an atom in an ion or a compound. 

- Oxidation state is a mind tool that we use to understand the movements of electrons. We 

assume that there is complete electron dominance in one atom and no sharing.  

Always remember that oxidation state is written with the plus/minus sign before the 

number, while ionic charges are written after the number. 

Look at which element is most electronegative. That element will be reduced.  

2. Be able to deduce the name of a transition metal compound from a given formula, 

applying oxidation numbers represented by Roman numerals. 

- Look at what oxidation state the metal must be in order to give the ionic charge the 

compound has. To write the formula, write the oxidation state in roman numerals, such as 

iron (III) oxide.  

3. Be able to identify of the species oxidized and reduced and the oxidizing and reducing 

agents, in redox reactions. 

- Write the oxidation states and read how the number has changed.  

Also, note that some elements might not have changed during the reaction. We call them to 

be spectator ions, because they just spectate when the other elements take and give 

electrons.  
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4. Be able to deduce redox reactions using half-equations in acidic or neutral solutions. 

- First of all, half-equations are essentially equations with one element and some electrons. 

This is a clear way to illustrate the oxidation state changes.  

Now, there might be questions where IB tells us to “deduce the equation when put in acidic 

solution”.  

Basically, what you have to do is to balance the equation and do some playing with oxidation 

states.  

1. Write the half equation.  

2. Add H2O to balance any oxygen.  

3. Add H+ ions to balance the H from the water.  

4. Add electrons so the overall charge is the same.  

5. Before combining the equation for oxidation and reduction, make sure that the number of 

electrons cancel out on both sides.  

6. Add the equations, and voila! 

5. Be able to deduce the feasibility of a redox reaction from the activity series or reaction 

data. 

- Of course.  

6. Be able to solve a range of redox titration problems. 

- Of course. Fundamentally, it is all about being able to write the half equations! 

7. Be able to apply of the Winkler Method to calculate BOD. 

- Yes. Of course.  

TOK: 

1. Chemistry has developed a systematic language that has resulted in older names 

becoming obsolete. What has been lost and gained in this process? 

2. Oxidation states are useful when explaining redox reactions. Are artificial conversions a 

useful or valid way of clarifying knowledge? 


