9.1 Oxidation and reduction
Essential idea: Redox (reduction-oxidation) reactions play a key role in many chemical and biochemical processes.

Key info to revise:
· Understand the terms oxidation and reduction in terms of the loss/gain of hydrogen/oxygen and the loss/gain of electrons 
· The Oxidation state is the apparent charge of an atom in a free element, molecule or ion.
· In terms of oxidation state:
· Oxidation describes a process in which the oxidation state increases
· Reduction describes a process in which the oxidation state decreases
· Work out oxidation numbers for elements in compounds and ions 
· Oxidation numbers are used for transition metals while oxidation states are used for all other elements
· e.g. KMnO4 is potassium manganate (VII) as Mn has an oxidation number of +7
· Understand that transition metals and some main group elements can have more than one oxidation number 
· Understand how to name compounds and ions using oxidation numbers 
· Understand what is meant by a redox reaction 
· Understand oxidation and reduction in terms of changes in oxidation numbers 
· Work out whether an element has been oxidised or reduced in a given reaction
· Understand what is meant by an oxidising agent and a reducing agent and
· identify them in reactions 
· Understand what is meant by half-equations and be able to balance them 
· Combine half-equations to produce an overall redox equation 
· Balance redox equations in acidic or neutral solution using half-equations 
· Understand that metals can be arranged in an activity series according to how easily they can be oxidised 
· Use the activity series to predict the feasibility of a redox reaction 
· Solve problems involving redox titrations 
· Understand what is meant by biochemical oxygen demand (BOD) 
· Use the Winkler method to calculate biochemical oxygen demand

Understandings
· Oxidation and reduction can be considered in terms of oxygen gain/hydrogen loss, electron transfer or change in oxidation number. 
· OIL RIG
· Oxidation Is Loss (of electrons) ; Reduction Is Gain (of electrons)
· Oxidation = gain of oxygen; reduction = loss of oxygen
· Oxidation = loss of hydrogen; reduction = gain of hydrogen
· Oxidation = loss of electrons; reduction = gain of electrons
· An oxidizing agent is reduced and a reducing agent is oxidized.  
· Oxidation = increase in oxidation state; reduction = decrease in oxidation state
· Oxidizing agents (oxidants) oxidize other species and themselves get reduced.
· Reducing agents (reductants) reduce other species and themselves get oxidized.
· oxidizing agent: O2, O3, H+/MnO4–, H+/Cr2O72–, F2, Cl2, conc. HNO3, H2O2[image: ]
· reducing agent: H2, C, CO, SO2, reactive metals
· Variable oxidation numbers exist for transition metals and for most main-group non-metals. 
· Transition metals and most main-group non-metals have variable oxidation states.
· The activity series ranks metals according to the ease with which they undergo oxidation. 
· Not all oxidizing and reducing agents are of equal strength.
· Metals have a tendency to lose electrons and form positive ions, so they will act as reducing agents, pushing their electrons on to another substance.
· More reactive metals lose their electrons more readily and so we might expect that they will be stronger reducing agents than less reactive metals.
· The activity series ranks metals according to the ease with which they undergo oxidation.
· The more reactive a metal, the stronger it is as a reducing agent.
· The more reactive a non-metal, the stronger it is as an oxidizing agent.
· More reactive metals are able to reduce the ions of less reactive metals in displacement reactions.
· More reactive non-metals are able to oxidize the ions of less reactive non-metals.
· The Winkler Method can be used to measure biochemical oxygen demand (BOD), used as a measure of the degree of pollution in a water sample. 
· The Winkler Method is a technique used to measure the amount of oxygen dissolved in water
· In general, a high concentration of dissolved oxygen indicates a low level of pollution, thus higher quality of water
· The Winkler method uses redox titration to measure the dissolved oxygen content of water.
· BOD is the quantity of oxygen needed to oxidise organic matter in a sample of water over a five-day period at a specified temperature
·   the degree of organic pollution in a sample of water
· BOD is defined as the amount of oxygen required to oxidize organic matter in a sample of water at a definite temperature over a period of 5 days. BOD is measured in units of ppm.
· Pure water generally has BOD less than 1 ppm
Applications and skills[image: ppm]
· Deduction of the oxidation states of an atom in an ion or a compound.  (assigning oxidation states)
· Oxidation states should be represented with the sign given before the number, eg +2 not 2+.

· Rules for oxidation states:
· Rule 1: 0 for an atom in a free element (Na, O 2, S 8 )
· Rule 2: In simple ions, the oxidation state is the same as the charge on the ion[image: ][image: ]
· In polyatomic ions, sum of oxidation states of all atoms equals overall charge of the ion[image: ]
· Rule 3: The oxidation states of all the atoms in a neutral/uncharged compound must add up to zero\
· For example, in H2SO4 the sum of oxidation states = 0.
· Rule 4: The oxidation states of all the atoms in a polyatomic ion must add up to the charge on the ion  
· Rule 5: The usual oxidation state for an element is the same as the charge on its most common ion[image: ]
· For example, Group 1 elements have oxidation state = +1, H is usually +1, O is usually –2.
· +1 for group 1 metals. +2 for group 2 elements
· +1 for hydrogen when bonded to a non-metal. -1 when bonded to a metal in hydride form (NaH)
· -2 for oxygen except in any peroxide where it is -1
· -1 for group 17 halogens. Oxidation state is positive in combination with oxygen in oxoanions and oxoacids (Cl has oxidation state of +7 in HClO4 )
· Rule 6: Most main group non-metals, the elements at the bottom of Group 14, and transition elements have oxidation states that vary in different compounds--–depending on the conditions and other elements present.
· For N, P, S, Sn, Pb, and all transition elements, the oxidation state of the element in a particular species needs to be determined on a case-by-case basis.[image: ]
· Deduction of the name of a transition metal compound from a given formula, applying oxidation numbers represented by Roman numerals.  
· Oxidation numbers are used to represent the oxidation states of elements in names of compounds, using Roman numerals.
· Identification of the species oxidized and reduced and the oxidizing and reducing agents, in redox reactions. 
· Identify the oxidizing and reducing agents in redox equations.
· Deduction of redox reactions using half-equations in acidic or neutral solutions. (Balancing Redox Reactions)
· Half-equations show the electrons lost/gained in oxidation/reduction reactions and can be used as a step in balancing a redox equation.
· H + and H 2 O should be used where necessary to balance half-equations in acid solution.
· Steps to balance equations:
1. Assign oxidation states for each atom in the reactant and product species
2. Deduce which species is oxidized and which species is reduced
3. State the half-equation for the oxidation process and the corresponding half-equation for the reduction process
4. Balance these half-equations so that the number of electrons lost equals the number of electrons gained
5. Add the two half equations together to write the overall redox reaction
6. Check the total charge on the reactant and product sides
7. Balance charges by adding H +  and H 2 O to the appropriate sides
· Deduction of the feasibility of a redox reaction from the activity series or reaction data. 
· More reactive metals are stronger reducing agents
· The activity series ranks metals according to the ease with which they undergo oxidation
· Most reactive metals are found at the top of the series
· Series found in section 25 of the data booklet
· The higher the Eθ value of a cell the greater its tendency to be reduced.
· The lower the Eθ value of a cell the greater its tendency to be oxidized.
· The standard electrode potential of a half-cell is measured with reference to the standard hydrogen electrode, operating under standard conditions.
· Deduce a reactivity series based on the chemical behaviour of a group of oxidizing and reducing agents.
· Deduce the feasibility of a redox reaction from a given reactivity series.[image: Activity Series]
· By comparing displacement reactions like these between different combinations of metals and their ions, we can build up a list of relative strengths of the metals as reducing agents.
· More reactive non-metals are stronger oxidizing agents
· The different strengths of non-metals as oxidizing agents can also be compared.
· The halogens (Group 17 elements) react by gaining electrons and forming negative ions, and so act as oxidizing agents by removing electrons from other substances.
· Their tendency to do this decreases down the group, so we would expect the following trend.
· Solution of a range of redox titration problems. [image: ]
· Redox titrations are used to determine concentrations of solutions by finding the equivalence point when two reactants have reacted stoichiometrically, by transferring electrons from the reducing agent to the oxidizing agent.
[image: ]
· Application of the Winkler Method to calculate BOD. 
· Steps:
· Excess manganese(II) sulfate and hydroxide ions are added to a known volume of the water sample.
· The dissolved oxygen oxidises the manganese(II) ions to give a brown precipitate (usually considered to be a hydrated form of manganese(IV) oxide).
· In the presence of acid this then oxidises iodide ions into iodine and is itself reduced back to manganese(II).
· The iodine produced is titrated with standard sodium thiosulfatesolution using starch as the indicator.
· By following the stoichiometry it can be seen that one mole of dissolved oxygen is equivalent to four moles of thiosulfate ions.
· Equations:
· 2Mn 2+ (aq) + O 2 (aq) + 4OH −  (aq) → 2MnO 2 (s) + 2H 2 O(l)
· MnO 2 (s) + 2I − (aq) + 4H + (aq)→ Mn 2+ (aq) + I 2 (aq) + 2H 2 O(l)
· 2S 2 O 3 2− (aq) + I 2 (aq) → S 4 O 6 2− (aq) + 2I − (aq)
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