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SOLUTION STOICHIOMETRY AND REDOX TITRATIONS – SUMMARY & EXERCISES

Concentration 
• is the quantity of dissolved substance (solute) per unit volume of solvent in a solution. The mole 

concentration is the amount of solute per unit volume of solvent. It has units of mol dm-3.
• conc (mol dm-3) = no. of moles / volume (dm3)
• 1 dm3 = 1000 cm3 and 1cm3 = 1/1000 dm3

• The mass concentration is the mass of solute per unit volume of solvent. It  has units of g dm-3.
• Conc (g dm-3) = conc (mol dm-3) x molar mass

Standard solution 
• a solution whose concentration is accurately known.

Dilution
• is a preparation of a less concentrated solution from a more concentrated one. When a dilution is 

done, the number of moles of the solute is the solution is unchanged although the concentration is 
decreased.

• nconc = ndiluted

             Cconc  x  Vconc = Cdiluted x Vdiluted

Exercise 1
14.3g of hydrated sodium carbonate Na2CO3.10H2O. ( Mr=286) were dissolved in water and the solution 
made up to 250 cm3. What is the concentration of this standard solution? [0.200 mol dm-3]

Back  Titration
• In a back titration, a known excess of one reagent A is allowed to react with an unknown amount of 

reagent B. 
• The amount of unreacted A is then found by titration with reagent C of known concentration.
• From the titration results, the amount of unreacted A and the amount of B can be calculated

Exercise 2
A 1.00g sample of a metal X ( that is known to form X2+ ions ) was added to 100cm3 of 0.500 mol dm-3 H2SO4. 
After all the metal had reacted, the remaining acid required 33.40 cm3 of 0.500 mol dm-3 NaOH solution for 
neutralisation. Calculate the molar mass of the metal and identify the element. [Mg]

Exercise 3
A 500mg tablet of an antacid containing Mg(OH)2, Al(OH)3 and an inert “binder” was dissolved in 50.0 cm3 of 
0.500 mol dm-3 HCl. The resulting solution which was acidic needed 30.9 cm3  of 0.255  mol dm-3  NaOH for 
neutralisation.
(a)  calculate the number of moles of OH- ions in the tablet [0.0171]
(b)  if the tablet contains 5.0% (by mass) of binder, how many milligrams of Mg(OH)2 and how many of 

Al(OH)3 does the tablet contain? [ 0.274g Mg(OH)2, 0.201g Al(OH)3 ]

Redox Reactions
• Definitions:

Oxidation Reduction
gain in oxygen loss of oxygen

loss of hydrogen gain in hydrogen
loss of electrons gain of electrons

increase in oxidation state/number decrease in oxidation state/number

• An oxidising agent is a species that oxidises another reactant in a redox reaction, and itself is 
reduced. A reducing agent is a species that reduces another reactant in a redox reaction, and 
itself is oxidised
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• Common oxidising and reducing agents
Oxidising agents Reducing agents

Oxygen ( 2O ) Hydrogen ( 2H )
Chlorine ( −→ ClCl2 ) Reactive metals ( +→ nMM )
Dichromate(VI) ions in acid ( +− → 32

72 CrOCr ) Carbon monoxide ( 2COCO → )
Manganate(VII) ions in acid ( +− → 2

4 MnMnO ) Carbon (C )
Manganate(VII) ions in neutral/alkali ( 24 MnOMnO →− ) Iron(II) salts ( ++ → 32 FeFe )
Manganese(IV) oxide in acid ( +→ 2

2 MnMnO ) Thiosulphate ions to tetrathionate ions ( −− → 2
64

2
32 OSOS )

Hydrogen peroxide ( OHOH 222 → ) Ethanedioate ions ( 2
2

42 COOC →− )
Concentrated sulphuric acid ( 242 SOSOH → ) Hydrogen peroxide ( 222 OOH → )
Iron(III) salts ( ++ → 23 FeFe ) Sulphate(IV) to sulphate(VI) ( −− → 2

4
2

3 SOSO )
Iodide to iodine ( 2II →− )

Oxidation State

• Oxidation state of an atom is the charge that it carries as a monatomic ion (in ionic compounds 
eg NaCl) or the hypothetical charge it would have (in covalent molecules eg HCl) if the shared 
electrons in covalent bonds were assigned to the more electronegative atom

• Electronegativity   of an element is the measure of its affinity to electrons in a covalent bond, or 
how much this element likes electrons when it is sharing its electrons with another element (in a 
covalent bond)

•
Rules for assigning Oxidation State

1. The oxidation state of atoms in pure elements is zero (eg O2, Na).
2. The oxidation state of atoms in monatomic ions is equal to its charge (eg MgCl2).
3. The algebraic sum of the oxidation numbers of all the atoms in a chemical species is equal to its 

charge.
4. The oxidation states of the following elements in various compounds are quite constant, and can be 

used as reference to compute other atoms’ oxidation state in a compound using rule 3.

5. In any substance, the more electronegative atom has the negative oxidation state, the less 
electronegative atom has the positive oxidation state
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Element Oxidation 
state Remarks

Metals Positive Oxidation state depends on valency of metals (eg AlCl3, FeSO4)

fluorine -1 no exceptions as it is the most electronegative element

oxygen -2 except in peroxides (e.g. H2O2, Na2O2 where it has oxidation state of 
-1); and OF2 (where it has oxidation state of +2)

hydrogen +1 except in hydrides (e.g. NaH, MgH2 where oxidation state of -1)

chlorine & bromine -1 except when bonded to a more electronegative element
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Exercise 4
Determine the oxidation states of the elements in the following compounds/ions: NH3, Na2S2O3, CO3

2-, PCl5, 
LiAlH4, OF2, OCl2, H2O2, BrO3

-

Average Oxidation State versus Actual Oxidation State (Using   S  4O6
2-   as example)  

• Average oxidation state of +2.5 can be calculated based on the rules mentioned above. However 
each sulfur having a charge of +2.5 does not have any physical meaning, but is good enough for our 
usual calculations

• Actual oxidation state can be determined from the dot-cross diagram of S4O6
2- 

Disproportionation
• A redox reaction in which one species is simultaneously oxidised and reduced

Exercise 5
Determine if the following redox reactions are disproportionation reactions
a. OHClClOOHCl 22 2 ++ →+ −−−

b. 2222 22 OOHOH + →
c. OHONNONH 2234 2+ →

Balancing Redox Reactions via Half Equation Method (Acidic Medium)
1. Write down the given reactants and products of the reaction
2. Identify the atoms in the given species that are undergoing oxidation / reduction and construct the 

unbalanced oxidation / reduction half-equations
3. Balance both the half-equations using the following steps:

a. Balance the atoms undergoing oxidation / reduction
b. Balance oxygen atoms by adding H2O molecules
c. Balance hydrogen atoms by adding H+ ions
d. Balance charges by adding electrons

4. Multiply the balanced half-equations by appropriate integers such that the number of electrons in both 
half-equations are equal

5. Add the resulting half-equations together, and eliminate any common species on both sides to obtain the 
overall balanced equation.

Balancing Redox Reactions via Half Equation Method (Alkaline Medium)
1. Carry out the same 5 steps as if the redox reaction is carried out in acidic medium.

(After which you would obtain a balanced redox reaction in the acidic medium)
2. Add sufficient OH- to both sides of the equation to neutralise any H+ present ( OHOHH 2 →+ −+ ) 
3. Eliminate any H2O molecules that appear on both sides of the equation

Exercise 6
Balance the following redox reactions in acidic medium
a. 2

2
224 OMnOHMnO + →+ +−

b. −−− + →+ 2
64

2
322 OSIOSI

[ OHOMnHOHMnO 22
2

224 852652 ++ →++ ++−

−−− + →+ 2
64

2
322 22 OSIOSI ]

Exercise 7
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Balance the following redox reactions in alkaline medium
a. 224 IMnOIMnO + →+ −−

b. ++− + →+ 4
32

22
72 SnOCrSnOCr

[ −−− ++ →++ OHMnOIOHMnOI 823426 2224
+−+− ++ →++ 4

32
2

2
2

72 3834 SnOHOCrSnOHOCr ]

Exercise 8
12.50 cm3 of a given solution of hydrogen peroxide were diluted to 500 cm3 with distilled water. 25.0 cm3 of 
this diluted solution required 22.50 cm3 of 0.0200 moldm-3 potassium manganate(VII) solution for titration in 
acidic medium. Calculate:
i) The original concentration of the hydrogen peroxide solution [1.80 mol dm-3]
ii) Volume strength of the original solution [20.2]

(volume strength of a hydrogen peroxide solution is defined as the volume of oxygen (in dm3 measured 
at s.t.p.) obtainable from 1 dm3 of hydrogen peroxide solution when it completely decomposed. Note that 
volume strength do not have any units.)

Exercise 9
1.50 g of a copper(II) compound was dissolved in water and made up to 250.0 cm3. 25.0 cm3 of this solution 
was treated with excess potassium iodide and following reaction occurred: 2

2 242 ICuIICu + →+ −+

The iodine liberated was titrated against sodium thiosulphate solution containing 2.80 g of sodium 
thiosulphate per dm3. The average titre was 24.00 cm3. Calculate the percentage of copper in the compound. 
[25.4%]

Determining Oxidation State from Experimental Data
1. Calculate the amount of the reducing agent and oxidising agent used in the titration. 
2. Calculate the amount of electrons transferred in the reaction from the known half-equation
3. Calculate the amount of electrons transferred per mole of the species of unknown oxidation state
4. Determine the oxidation state of the element of the species

Exercise 10
Vanadium(II) ions can be oxidised quantitatively by acidified manganate(VII) ions to a higher oxidation state 
(Vn+). In the experiment, 25.0 cm3 of 0.0200 moldm-3 vanadium(II) ions was found to react with 15.00 cm3 of 
0.0200 moldm-3 acidified manganate(VII) ions. Determine the oxidation state of vanadium in Vn+. [+5]

Exercise 11
25.0 cm3 of a solution of X2O5 of concentration 0.100 moldm-3 is reduced by sulphur dioxide to a lower 
oxidation state. To oxidise X back to its original oxidation state, 50.0 cm3 of 0.0200 moldm-3 acidified 
potassium manganate(VII) solution was required. What is the oxidation state of X after reduction by sulphur 
dioxide? Suggest a formula of the product formed when X2O5 was reduced by sulphur dioxide. [XO2 or X2O4]
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