
Relative formula mass 
Atoms have very little mass so in-
stead of using their actual masses 
in kilograms, their relative atomic 
masses are used. The relative 
atomic mass of an element, sym-
bol Ar, is defined as the relative 
mass of its atoms compared to the 
mass of a particular carbon atom 
(carbon-12).  

The relative formula mass of a sub-
stance made up of molecules is the 
sum of the relative atomic masses 
of the atoms in the numbers shown 
in the formula.  Relative formula 
mass has the symbol, Mr. To calcu-
late Mr for a substance: 

1.work out how many atoms of each 
element are in the chemical formula 

2.add together the Ar values for all 
the atoms of each element 

For example, the formula for car-
bon dioxide is CO2. It has one car-
bon atom (Ar = 12) and two oxygen 
atoms (Ar = 16): 

Mr of CO2 = 12 + 16 + 16 = 44 

It could also be calculated this way: 

Mr of CO2 = (1 × 12) + (2 × 16) = 12 + 
32 = 44 

Like Ar values, Mr values also have 
no units. 

Empirical formulae 
The empirical formula of a substance is the simplest whole number ratio of the atoms of 
each element present. The molecular formula of ethane is C2H6. It shows the actual number 
of atoms of each element in a molecule of ethane. This formula does not show the simplest 
whole number ratio because each number can be divided by two. This gives the empirical 
formula of ethane: CH3. The molecular formula and empirical formula of some substances 
are the same. For example, both types of formula for carbon dioxide are CO2. 

Converting empirical formula to molecular formula 
The molecular formula for a substance can be worked out using the empirical formula and 
the relative formula mass, Mr The empirical formula for a compound is CH2 and its relative 
formula mass is 42. To deduce its molecular formula.  We first calculate the Mr.We then cal-
culate the number of times  greater the relative formula mass is and then multiple the em-
pirical formula. 

Mr of CH2 = 12 + (2 × 1) = 14    Factor to apply = 42 ÷ 14 = 3 

Multiply the numbers in the empirical formula by the factor 3: Molecular formula = C3H6 

Calculating an empirical formula  
Information about reacting masses is used to calculate empirical formulae. This is obtained 

from experiments. 



Concentration of solution 
A solution forms when a solute dissolves in a solvent. The concentration of 
a solution is a measure of how 'crowded' the solute particles are. The more 
concentrated the solution, the more particles it contains in a given volume. 
Volumes used in concentration calculations must be in dm3, not in cm3 or ml. 
It is useful to know that 1 dm3 = 1000 cm3.  

Law of conservation of mass 
No atoms are created or destroyed in a chemical reac-
tion. Instead, they just join together in a different way 
than they were before the reaction, and form products. 
This means that the total mass of the products in a 
chemical reaction will be the same as the total mass of 
the reactants.  

Reactions in closed systems 
No substances can enter or leave a closed system. A 
simple closed system could be a sealed container such 
as a stoppered flask. Sometimes reactions that happen 
in open beakers are closed systems.  

Reactions in non-enclosed systems 
Substances can enter or leave a non-enclosed system. 
These systems are often open flasks or crucibles that 
let gases enter or leave. If a gas escapes, the total 
mass will look as if it has decreased. If a gas is gained, 
the total mass will look as if it has increased. However, 
the total mass stays the same if the mass of the gas is 
included. 



Stoichiometry of a 
reaction                             

The stoichiometry  
of a reaction is 
the ratio of the 
amounts of each 
substance in the 

balanced equation. 
It can be deduced 

or worked out using 
masses found by 

experiment. 

 Reactions and moles 
Limiting reactants 
A reaction finishes when one of the reactants is all used up. The 
other reactant has nothing left to react with, so some of it is left 
over: 

- the reactant that is all used up is called the limiting reactant 

- the reactant that is left over is described as being in excess 

The mass of product formed in a reaction depends upon the mass 
of the limiting reactant. This is because no more product can form 

Avogadro constant 
As the mole quantity is based on the relative masses of atoms, 
there is a relationship between a mole of a substance and the 
number of particles it contains. As atoms and molecules are so 
small the number in a mole is very large. This number is called 
the Avogadro constant, and it is equal to: 
602,000,000,000,000,000,000,000 (= 6.02 × 1023) formulae 
units. 

One mole, 1 mol, of a substance is defined as: the Avogadro 
constant number of particles (which is 6.02 × 1023 atoms, mole-
cules, formulae or ions of that substance).  

Calculating the number of particles 
The number of particles of a substance can be calculated us-
ing: 

the Avogadro constant number (6.02 × 1023) 

the amount of substance in mole 

Number of particles = 6.02 × 1023 × mol 

E.g. The number of water molecules in 0.5 mol of water. 

Number of water molecules = 6.02 1023 × 0.5 = 3.01 × 1023 

It is important to be clear about the particles involved. For 
example, 3.01 × 1023 water molecules contain 9.03 × 1023atoms. 
This is because a water molecule, H2O, contains three atoms. 

The mole  
The actual masses of atoms and molecules are too small 
to be of practical use in calculations. Therefore a spe-
cial quantity, called a mole, is used. In terms of mass, a 
mole (mol) is the relative atomic mass (Ar) of 
an element in grams, or the relative formula mass (Mr) 
in grams if it's a compound.  

Moles and masses 
The mass of a substance can be calculated 
from the number of moles, and the number of 
moles of a substance can be calculated from its 
mass. The link between the two quantities is 
he Mr, relative formula mass (or Ar, relative 
atomic mass for atoms and metals).  


