	REDOX CHEMISTRY  |  Revision Assignment
	Name: ________________________



Redox Chemistry
Revision Assignment
Oxidation States  •  Half-Reactions  •  Balancing Equations  •  Titrations  •  Environmental Applications
  🎯  Learning Objectives

	By the end of this assignment, you should be able to:
1. Assign oxidation states to elements in ions and compounds
1. Identify oxidation, reduction, oxidizing agents, and reducing agents
1. Write and balance half-reactions in acidic solution
1. Combine half-reactions to produce a balanced overall redox equation
1. Perform redox titration calculations using mole ratios
1. Explain the Winkler Method and interpret BOD values


  ①  Section 1: Oxidation States

	💡 Rules Reminder:
1. O is usually −2 (except in peroxides: −1)
1. H is usually +1 (except in metal hydrides: −1)
1. The sum of oxidation states in an ion equals the ion's charge
1. The sum of oxidation states in a neutral compound = 0


1.1  Assign the oxidation state of the underlined element:
	Species
	Working
	Oxidation State

	Cr in Cr₂O₇²⁻
	
	

	N in NO₃⁻
	
	

	N in NH₃
	
	

	Mn in MnO₄⁻
	
	

	S in SO₄²⁻
	
	

	Cl in HClO₄
	
	


1.2  Identify the element with the highest oxidation state in each set:
Circle the correct answer and briefly justify your choice.
	Set 1: NO₃⁻  /  NO₂  /  N₂O  /  NH₃
Justification: _________________________
	Set 2: SO₄²⁻  /  SO₃²⁻  /  H₂S  /  S₈
Justification: _________________________



  ②  Section 2: LEO GER — Identifying Oxidation & Reduction
	🔑 LEO GER:
1. LEO: Loss of electrons is oxidation 
1. GER: Gain of electrons is reduction
 The species that is OXIDIZED is the REDUCING agent (it causes reduction of the other species).
The species that is REDUCED is the OXIDIZING agent.


2.1  For each reaction, identify the species oxidized, species reduced, oxidizing agent, and reducing agent:
Reaction 1:  Zn(s)  +  Cu²⁺(aq)  →  Zn²⁺(aq)  +  Cu(s)
	Species Oxidized
	Species Reduced
	Oxidizing Agent
	Reducing Agent

	
	 
	 
	 



Reaction 2:  Fe²⁺(aq)  +  MnO₄⁻(aq)  →  Fe³⁺(aq)  +  Mn²⁺(aq)  (acidic solution)
	Species Oxidized
	Species Reduced
	Oxidizing Agent
	Reducing Agent

	 
	 
	 
	 


  ③  Section 3: Half-Reactions
	📋 Steps to Balance a Half-Reaction in Acidic Solution:
1. Balance all atoms other than H and O
2. Balance O by adding H₂O to the side that needs oxygen
3. Balance H by adding H⁺ to the side that needs hydrogen
4. Balance charge by adding electrons (e⁻) to the more positive side


3.1  Classify each as oxidation or reduction, then state the number of electrons transferred:
	Half-Reaction
	Oxidation or Reduction?
	Electrons Transferred

	Fe²⁺ → Fe³⁺ + e⁻
	
	

	Cl₂ + 2e⁻ → 2Cl⁻
	
	

	2H₂O → O₂ + 4H⁺ + 4e⁻
	
	

	Zn → Zn²⁺ + 2e⁻
	
	


3.2  Balance the following half-reactions in acidic solution. Show all steps.
a)  MnO₄⁻  →  Mn²⁺
Step 1 (balance atoms):  
Step 2 (balance charge with e-):  
Step 3 (balance oxygen with H2O):  
Step 4 (balance H with H⁺):  

b)  Cr₂O₇²⁻  →  Cr³⁺


c)  NO₃⁻  →  NO


  ④  Section 4: Balancing Full Redox Equations
	🔍 Strategy: Half-Reaction Method
1. Write and balance BOTH half-reactions separately
1. Multiply each half-reaction so that electrons lost = electrons gained
1. Add the two half-reactions and cancel spectator species (e.g. H⁺, H₂O, e⁻)
1. Check: all atoms balanced AND overall charge is balanced



4.1  Balance the following redox reaction in acidic solution. Show each half-reaction clearly.
Q1:  Cr₂O₇²⁻  +  Fe²⁺  →  Cr³⁺  +  Fe³⁺
Oxidation half-reaction:  
Reduction half-reaction:  
Multiply to equalize electrons:  
Balanced overall equation:  
How many Fe²⁺ ions are needed? _____

Q2:  Cu  +  NO₃⁻  →  Cu²⁺  +  NO  (acidic solution)
Oxidation half-reaction:  
Reduction half-reaction:  
Multiply to equalize electrons:  
Balanced overall equation:  
What is the sum of all coefficients in the balanced equation? _____

  ⑤  Section 5: Redox Titrations & Calculations
	📊 Titration Calculation Steps:
1. moles = concentration × volume (in dm³)
1. Use the mole ratio from the balanced equation to find moles of the unknown
1. concentration = moles ÷ volume (in dm³)
 For KMnO₄ titrations in acidic solution:  MnO₄⁻ + 8H⁺ + 5e⁻ → Mn²⁺ + 4H₂O


5.1  Colour Change
Explain why the colour changes from colourless to pale pink at the equivalence point in a KMnO₄ / Fe²⁺ titration. Include the relevant species and their colours.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
5.2  Titration Calculation
	A 25.0 cm³ sample of an Fe²⁺ solution requires 20.0 cm³ of 0.020 mol dm⁻³ KMnO₄ for complete oxidation in acidic solution. Calculate the concentration of Fe²⁺.


Step 1 — Write the balanced equation:  _________________________________________________________________
Step 2 — Moles of MnO₄⁻:  _________________________________________________________________
Step 3 — Moles of Fe²⁺ (using mole ratio):  _________________________________________________________________
Step 4 — Concentration of Fe²⁺:  _________________________________________________________________
Final Answer: [Fe²⁺] = __________ mol dm⁻³

  ⑥  Section 6: Environmental Application — The Winkler Method & BOD
	🌎 Real-World Context:
The Winkler Method is a classical redox titration used to measure dissolved oxygen (DO) in water. The DO is then used to calculate Biochemical Oxygen Demand (BOD), a measure of water quality. A high BOD means microorganisms must consume large amounts of O₂ to decompose organic material, indicating polluted water.



6.1  Short Answer
a)  What does a high BOD value tell us about the quality of a water sample? Explain at the molecular level.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

b)  A river sample upstream of a factory has a BOD of 2 mg/L. Downstream it is 18 mg/L. What can you infer about the factory’s discharge? What effect would this have on aquatic life?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________


Redox Chemistry
Revision Assignment  —  Answer Key
Full model answers with mark-scheme notes
  ①  Section 1: Oxidation States
1.1  Oxidation state table
	Species
	Working
	Oxidation State

	Cr in Cr₂O₇²⁻
	2x + 7(−2) = −2  →  2x = 12  →  x = +6
	+6

	N in NO₃⁻
	x + 3(−2) = −1  →  x = +5
	+5

	N in NH₃
	x + 3(+1) = 0  →  x = −3
	−3

	Mn in MnO₄⁻
	x + 4(−2) = −1  →  x = +7
	+7

	S in SO₄²⁻
	x + 4(−2) = −2  →  x = +6
	+6

	Cl in HClO₄
	+1 + x + 4(−2) = 0  →  x = +7
	+7


1.2  Highest oxidation state in each set
	Set 1: NO₃⁻ / NO₂ / N₂O / NH₃
	Set 2: SO₄²⁻ / SO₃²⁻ / H₂S / S₈

	Answer: NO₃⁻  (N = +5)
NO₂: N = +4 | N₂O: N = +1 | NH₃: N = −3 NO₃⁻ has the highest oxidation state for N at +5.
	Answer: SO₄²⁻  (S = +6)
SO₃²⁻: S = +4 | H₂S: S = −2 | S₈: S = 0 SO₄²⁻ has the highest oxidation state for S at +6.


  ②  Section 2: LEO GER — Identifying Oxidation & Reduction
2.1  Reaction 1:  Zn(s) + Cu²⁺(aq) → Zn²⁺(aq) + Cu(s)
	Species Oxidized
	Species Reduced
	Oxidizing Agent
	Reducing Agent

	Zn
	Cu²⁺
	Cu²⁺
	Zn



	Reasoning:
Zn: 0 → +2  (oxidation state increases → oxidised → reducing agent)
Cu²⁺: +2 → 0  (oxidation state decreases → reduced → oxidizing agent)


2.2  Reaction 2:  Fe²⁺(aq) + MnO₄⁻(aq) → Fe³⁺(aq) + Mn²⁺(aq)  (acidic solution)
	Species Oxidized
	Species Reduced
	Oxidizing Agent
	Reducing Agent

	Fe²⁺
	MnO₄⁻
	MnO₄⁻
	Fe²⁺



	Reasoning:
Fe²⁺: +2 → +3  (oxidation state increases → oxidised → reducing agent)
Mn (in MnO₄⁻): +7 → +2  (oxidation state decreases → reduced → oxidizing agent)


  ③  Section 3: Half-Reactions
3.1  Classify and count electrons
	Half-Reaction
	Oxidation or Reduction?
	Electrons Transferred

	Fe²⁺ → Fe³⁺ + e⁻
	Oxidation
	1

	Cl₂ + 2e⁻ → 2Cl⁻
	Reduction
	2

	2H₂O → O₂ + 4H⁺ + 4e⁻
	Oxidation
	4

	Zn → Zn²⁺ + 2e⁻
	Oxidation
	2


3.2a  MnO₄⁻  →  Mn²⁺  (balanced in acidic solution)
	Step 1 — balance Mn atoms (already 1:1):   MnO₄⁻  →  Mn²⁺
Step 2 — balance O with H₂O:   MnO₄⁻  →  Mn²⁺  +  4H₂O
Step 3 — balance H with H⁺:   MnO₄⁻  +  8H⁺  →  Mn²⁺  +  4H₂O
Step 4 — balance charge with e⁻:   MnO₄⁻  +  8H⁺  +  5e⁻  →  Mn²⁺  +  4H₂O

Charge check: left = −1 + 8 − 5 = +2 ✓   right = +2 ✓


3.2b  Cr₂O₇²⁻  →  Cr³⁺  (balanced in acidic solution)
	Step 1 — balance Cr atoms:   Cr₂O₇²⁻  →  2Cr³⁺
Step 2 — balance O with H₂O:   Cr₂O₇²⁻  →  2Cr³⁺  +  7H₂O
Step 3 — balance H with H⁺:   Cr₂O₇²⁻  +  14H⁺  →  2Cr³⁺  +  7H₂O
Step 4 — balance charge with e⁻:   Cr₂O₇²⁻  +  14H⁺  +  6e⁻  →  2Cr³⁺  +  7H₂O

Charge check: left = −2 + 14 − 6 = +6 ✓   right = 2(+3) = +6 ✓


3.2c  NO₃⁻  →  NO  (balanced in acidic solution)
	Step 1 — balance N atoms (already 1:1):   NO₃⁻  →  NO
Step 2 — balance O with H₂O:   NO₃⁻  →  NO  +  2H₂O
Step 3 — balance H with H⁺:   NO₃⁻  +  4H⁺  →  NO  +  2H₂O
Step 4 — balance charge with e⁻:   NO₃⁻  +  4H⁺  +  3e⁻  →  NO  +  2H₂O

Charge check: left = −1 + 4 − 3 = 0 ✓   right = 0 ✓






  ④  Section 4: Balancing Full Redox Equations

4.1 Q1  —  Cr₂O₇²⁻  +  Fe²⁺  →  Cr³⁺  +  Fe³⁺
	Oxidation half-reaction:  Fe²⁺  →  Fe³⁺  +  e⁻
Reduction half-reaction:  Cr₂O₇²⁻  +  14H⁺  +  6e⁻  →  2Cr³⁺  +  7H₂O
Multiply to equalize electrons:  Oxidation × 6:   6Fe²⁺  →  6Fe³⁺  +  6e⁻
Balanced overall equation:  Cr₂O₇²⁻  +  6Fe²⁺  +  14H⁺  →  2Cr³⁺  +  6Fe³⁺  +  7H₂O

Fe²⁺ ions needed: 6   |   Atom check: Cr ✓  Fe ✓  O ✓  H ✓   |   Charge check: left (−2 + 6×2 + 14) = +24 ✓  right (2×3 + 6×3) = +24 ✓



4.1 Q2  —  Cu  +  NO₃⁻  →  Cu²⁺  +  NO  (acidic solution)
	Oxidation half-reaction:  Cu  →  Cu²⁺  +  2e⁻
Reduction half-reaction:  NO₃⁻  +  4H⁺  +  3e⁻  →  NO  +  2H₂O
Multiply to equalize electrons:  Oxidation × 3:  3Cu → 3Cu²⁺ + 6e⁻     Reduction × 2:  2NO₃⁻ + 8H⁺ + 6e⁻ → 2NO + 4H₂O
Balanced overall equation:  3Cu  +  2NO₃⁻  +  8H⁺  →  3Cu²⁺  +  2NO  +  4H₂O

Sum of coefficients: 3 + 2 + 8 + 3 + 2 + 4 = 22   |   Charge check: left (−2 + 8) = +6 ✓  right (3×2) = +6 ✓





  ⑤  Section 5: Redox Titrations & Calculations
5.1  Colour Change Explanation
	Model answer:
Throughout the titration, MnO₄⁻ (purple/violet) is reduced to Mn²⁺ (essentially colourless) as it oxidises Fe²⁺ to Fe³⁺. Because each drop of KMnO₄ is immediately decolourised while any Fe²⁺ remains in solution, the solution appears colourless during the titration.
At the equivalence point all Fe²⁺ has been consumed. The next drop of KMnO₄ is no longer reduced, so its purple colour persists, giving the pale pink endpoint colour. This is a self-indicating titration — no external indicator is needed.


5.2  Titration Calculation
	Step 1 — Balanced equation:  MnO₄⁻  +  5Fe²⁺  +  8H⁺  →  Mn²⁺  +  5Fe³⁺  +  4H₂O
Step 2 — Moles of MnO₄⁻:  n(MnO₄⁻) = 0.020 mol dm⁻³  ×  (20.0 ÷ 1000) dm³  =  4.00 × 10⁻⁴ mol
Step 3 — Moles of Fe²⁺:  Mole ratio MnO₄⁻ : Fe²⁺ = 1 : 5   →   n(Fe²⁺) = 5 × 4.00 × 10⁻⁴ = 2.00 × 10⁻³ mol
Step 4 — Concentration of Fe²⁺:  [Fe²⁺] = 2.00 × 10⁻³ mol  ÷  (25.0 ÷ 1000) dm³  =  0.080 mol dm⁻³

Final Answer: [Fe²⁺] = 0.080 mol dm⁻³


  ⑥  Section 6: Environmental Application — Winkler Method & BOD
6.1a  High BOD — molecular-level explanation
	Model answer:
A high BOD indicates that the water contains large amounts of organic compounds (e.g. sewage, agricultural run-off). Aerobic heterotrophic bacteria oxidise these organic molecules using dissolved O₂ as the terminal electron acceptor in cellular respiration. The more organic matter present, the more O₂ is consumed. At the molecular level, C–H and C–C bonds in organic molecules are oxidised (carbon oxidation state increases toward +4 in CO₂), while O₂ is reduced (O: 0 → −2 in H₂O). A high BOD therefore signals serious organic pollution and poor water quality.


6.1b  Factory discharge — upstream vs downstream
	Model answer:
The ninefold increase in BOD from 2 mg/L to 18 mg/L indicates the factory is discharging large quantities of organic waste (e.g. effluent from food processing, paper manufacture, or similar). This is a strong inference that the factory's discharge is the primary source of organic pollution.
Effect on aquatic life: Aerobic decomposition of the organic waste rapidly depletes dissolved oxygen (DO). Low DO causes hypoxic or anoxic conditions, which are lethal for fish and most invertebrates (aerobic organisms). This can trigger a 'dead zone' downstream. Additionally, algal blooms may occur if nutrients (N, P) accompany the discharge, further consuming DO as algae decompose (eutrophication).
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