
Quantitative chemistry 

C3 Topic 2 



• As a result of passing over rocks, some areas 
of the country have dissolved calcium (Ca2+)or 
magnesium (Mg2+) ions in their tap water 

• The presence of these ions results in hard 
water 

Hard water 



• The amount of a solute dissolved in a stated 
volume of a solution is called its concentration 

• Concentration is usually measured in g dm-3 

 

• Concentration  =  

 

 

• 1dm3 = 1L = 1000cm3 

 

amount of solute (g) 

volume of solution 
(dm3) 

Amount of solute (concentration) 



• If 1.0g of solid sodium hydroxide is dissolved 
in 250cm3 of solution, what is the 
concentration in g dm-3? 

 

- mass of solid = 1g 

- volume of solution = 250cm3 = 0.25 dm3 

 

concentration = 1 / 0.25 = 4 

Calculating concentrations example 



• It does not easily form a lather with soap 

• It reacts with soap to form a precipitate ‘scum’, which causes 
soap to be wasted and the scum has to be removed in water 
treatment works 

You can compare the 
hardness of water by 

seeing how much soap 
solution is needed to 

form a lather. Soft water 
forms a lather with 

water easily (does not 
require much soap) 

Problems with hard water 



• Calcium is needed for healthy bones and teeth 

• Magnesium is needed for effective 
metabolism 

Benefits of hard water 
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• Hard water can be temporary or permanent 

• Boiling can remove temporary hardness but 
not permanent hardness 

Temporary and permanent hard water 
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• Contains: 

- magnesium hydrogen carbonate: Mg(HCO3)2 

- calcium hydrogen carbonate: Ca(HCO3)2 

Temporary hard water 



• Hard water can be softened by removing the 
dissolved calcium and/or magnesium ions by: 

 

- boiling (for temporary hard water only) 

- using an ion exchange resin 

Softening hard water 



• When hard water is heated, the dissolved calcium hydrogen 
carbonate decomposes to form solid calcium carbonate 
(limescale) 

 

 

 

 

• Limescale can block pipes and coat the heating elements in 
kettles, washing machines and heaters 

• Limescale is a poor heat conductor and reduces the efficiency 
of appliances 

+ 

+ 

 

 

calcium hydrogen 
carbonate 

Ca(HCO3)2 (aq) 

calcium 
carbonate 

CaCO3 (s) 

water 

H2O (l) 

carbon dioxide 

CO2 (g) 

+ 

+ 

Softening hard water- boiling 



• Contains: 

- magnesium sulphate: MgSO4 

- calcium sulphate: CaSO4 

Permanent hard water 



Softening hard water- ion exchange column 



• The amount of a substance can be measured 
in grams (mass), numbers of particles or 
number of moles in particles 

Amount of substance 



• The mass of an element equal to its relative 
atomic mass in grams always contains 6.02 x 
1023 atoms. This number is called Avogadro’s 
number 

• e.g. the relative atomic mass of magnesium is 
24- so a piece of magnesium with Avogadro’s 
number of magnesium atoms has a mass of 
24g 

Relative atomic mass 



• The amount of substance can also be 
measured in moles 

• One mole of a substance is the amount that 
contains Avogadro’s number of a named 
particle 

• e.g. 12g of carbon is 1 mole of carbon atoms 

            1 mole of iron atoms has a mass of 56g 

Moles 



• The relative formula mass of a molecule or 
compound is the sum of the relative atomic 
masses of all of the atoms in the formula 

• e.g. water, H2O- (1 x 2) + 16 = 18 

                                    2      + 16 = 18 

 

• 18g of water contains Avogadro’s number of 
water molecules, so 1 mole of water has a 
mass of 18g 

Relative formula mass 



Calculating moles 

number of 
moles of an 

element 

number of 
moles of a 
compound 

= 

= 

mass of element in grams (g) 

mass of compound in grams (g) 

      relative atomic mass 

      relative formula mass 



Calculating concentration 

Concentration 
in mol dm-3 = 

number of moles of solute 

volume of solution in dm3 



mass/g 

Relative 
formula 

mass 

moles 







• If soluble salts are prepared from an acid and 
an insoluble reactant: 

- excess of the reactant can be added to ensure 
that all the acid is used up 

- the excess reactant can be removed by 
filtration 

- the solution remaining is only salt and water 

Preparing soluble salts 



• Must be used to 
determine the exact 
amount of the soluble 
reactant that reacts with 
an acid 

• The acid and the soluble 
reactant can then be 
mixed in the correct 
proportions 

• The solution remaining 
after the reaction is only 
salt and water 

Titrations- producing soluble salts 



• Neutralisation reaction 

• H+ + OH- → H2O 

• Hydrogen ions from the acid react with 
hydroxide ions from the base to form water 

 

Acid-base titrations 



Titration calculations 





Titration calculations 


