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SESSION 8:  CHEMICAL CALCULATIONS  
 

Key Concepts 
 

 Chemical formulae 

 % Composition 

 Relative atomic mass 

 Mole 

 Law of Conservation of Mass 

 Law of Constant Proportion 
 

X-planation  

Empirical formula – smallest ratio of atoms in a molecule. 

True Formula or molecular formula – actual ratio of atoms in a molecule, e.g. the 

empirical formula of a substance is COH2 but its molecular formula is C2O2H4 

Percentage Composition – shows percentage of each element in a compound 
compared to its molecular mass. 

Relative atomic mass of an element, describes the mass of an atom of that element 
relative to the mass of an atom of carbon-12. So the mass of an atom of carbon 
(relative atomic mass is 12 u) for example, is twelve times greater than the mass of 
an atom of hydrogen which has a relative atomic mass of 1 u.  
 
Molar mass (M) is the mass of 1 mole of a chemical substance. The unit for molar 
mass is grams per mole or g.mol−1  

On the Periodic Table, the relative atomic mass that is shown can be interpreted in 
two ways: 

 The mass of a single, average atom of that element relative to the mass of an 

atom of carbon.  

 The mass of one mole of the element. This second use is the molar mass of 

the element. 

The Mole 

The mole is one of the base units of the SI and is the base unit of the amount of 
matter of substance.  
A mole of any substance always has the same number of atoms.  
 
Definition: A mole of any substance is that amount of substance which contains as 
many elementary particles as there are atoms in 12g of carbon-12.  
 
The amount of matter or substance is not the same as the mass of the substance. 
While one mole of a substance contains the same number of particles, their masses 
are not the same.  
The formula used to calculate the number of moles in a substance:  

In symbols     n =  
M

m
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Avogadro’s Number  

One mole of any substance is approximately equal to 6,02x1023 elementary particles.   

This very large number is known as Avogadro’s number or Avogadro’s constant and 
has the symbol NA or L.  
Therefore: Number of particles = Avogadro’s number x number of moles 

In symbols Nparticles = NA x n 

 

Molar Volumes of Substances 

Molar volume is the volume of one mole of a substance and can be measured in 
dm3.mol-1. 
One mole of any gas occupies a volume of approximately 22,4dm3 at Standard 
Temperature and Pressure (STP). Standard Temperature is 0oC (273K) and 
Standard Pressure is 101,3kPa.    
Equal volumes of all gases at STP contain the same number of molecules.  
 

Therefore: molar volume =  volume of substance 
                                           Number of moles of substance 

 n  =  
3dm 22,4

V
 

 
Law of Conservation of Mass 

Matter cannot be made or destroyed (Conservation of mass). 
 

During a chemical reaction mass is conserved – the atoms of the reactants are 
rearranged to form products but the number of atoms remains the same before and 
after the chemical reaction.  
 

Law of Constant Composition  

The Law of Constant Composition says that, in any particular chemical compound, 
all samples of that compound will be made up of the same elements in the same 
proportion or ratio.  

 For example, any water molecule is always made up of two hydrogen atoms 

and one oxygen atom in a 2:1 ratio. If we look at the relative masses of 

oxygen and hydrogen in a water molecule, we see that the mass ratio of 

hydrogen to oxygen is 1:8. This mass proportion will be the same for any 

water molecule. 

 This does not mean that hydrogen and oxygen always combine in a 2:1 ratio 

to form H2O. Multiple proportions are possible. For example, hydrogen and 

oxygen may combine in different proportions to form hydrogen peroxide,H2O2 

rather than H2O. In H2O2, the H:O ratio is 1:1 and the mass ratio of hydrogen 

to oxygen is 1:16. This will be the same for any molecule of hydrogen 

peroxide.  
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X-ample Questions 
 
Question 1 
 

1.1 Calculate the relative formula mass of KCℓO3    (3) 
1.2 Calculate how many times a molecule of methanol (CH3OH) is  
 heavier than a molecule of water      (5) 
            
Question 2 

Calculate the percentage that each element contributes to the overall  

mass of glucose (C6H12O6).        (10) 

            

Question 3     

One of the active ingredients in vinegar is ethanoic acid. Ethanoic acid has a  
molecular mass of 60 g.mol-1 and the following percentage composition: 
 

39,9 % carbon 
6,7 % hydrogen 
53,4 % oxygen 
 

3.1 Determine the empirical formula of ethanoic acid   (5) 
3.2 What is the molecular formula of ethanoic acid?   (3) 
 
Question 4  

The compound NaHCO3 is commonly known as baking soda. A recipe  
requires 1,6 g of baking soda mixed with other ingredients to bake a cake. 
 

1.1 Calculate the number of moles of NaHCO3 used to bake the cake. (3) 
1.2 How many atoms of oxygen are there in1,6 g baking soda?  (4) 
 
Question 5 

The contact process is given by the equation below. 

SO2 (g)   + O2 (g)   →  SO3  (g) 

5.1 Balance the chemical equation.       (2) 
 

In an investigation 256 g SO2 reacts with 80 g O2 in a reaction vessel.  
 
5.2 Calculate the number of moles of each reactant present at the start  
 of the reaction.         (5) 

5.3 Identify the limiting reagent in the reaction and justify your answer.  (2) 
 

5.4 Calculate the mass of SO3 produced in the reaction.   (4) 
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Question 6           

6.1 The concentration of a NaCℓ is 0,5 mol.dm-3. What is the  
 concentration of the ions?       (2) 
3.2 The concentration of sulphuric acid is 0,2 mol.dm-3, what is the  
 concentration of the ions?       (3) 
3.3 How many mol of electrons are there in 0,1 mol of Na?  (2) 
                   

 
X-ercises 
 
Question 1 

Calculate the relative formula mass of each of the following: 

1.1 F2          (2) 

1.2 CuSO4         (2) 

1.3 CH3COOH         (2) 

1.4 H2SO4          (2) 

1.5 Ba(NO3)2         (4) 

 
Question 2 

Borax has the following percentage composition: 
12,04 % Na; 11,52 % B; 29,32 % O; 47,12 % water of crystallisation.  

Calculate its empirical formula.       (9) 
 
Question 3 

The empirical formula of a substance is NO2. It has a molecular mass of  
92 g.mol-1. Determine the molecular formula.      (4) 
 
Question 4 

Given the following reaction:  

2H2S(g) + O2(g)→SO2(g) + 2H2O(s)  

How many atoms of oxygen are needed in order to get 18 g of ice?  (10) 
 

Question 5 

About 15% of the world’s titanium reserves are found in South Africa.  
Titanium is a strong, lightweight, corrosion resistant metal. It is used in the  
construction of rockets, aircraft and jet engines. It is prepared by the reaction  
of molten magnesium with titanium (IV) chloride at temperatures of  

approximately 1000 C. The reaction is represented by the equation below.  
 

TiCℓ4   +  2 Mg    →  Ti (s)  +  2 MgCℓ2 (ℓ) 
 

3,540 g of titanium chloride was reacted with 1,130 g magnesium to  
produce 0,89 g of titanium          

 

Show by means of a calculation that the TiCℓ4 was the limiting reagent.  (6) 


