
Percentage Yield 
 
A theoretical yield is the maximum possible mass of a product 
that can be made in a chemical reaction. 
It can be calculated from:  
- the balanced equation, 
- the mass and relative formula mass of the limiting reactant, and 
- the relative formula mass of the product. 
 
An actual yield is the mass of a product actually obtained from 
the reaction. It is usually less than the theoretical yield. The rea-
sons for this include: 
- incomplete reactions, in which some of the reactants do not re-
act to form the product 
- practical losses during the experiment, such as during pouring or 
filtering 
- side reactions (unwanted reactions that compete with the de-
sired reaction) 

Calculating Percentage Yield 
 

The percentage yield is calculated using this equation: 
Percentage yield =   actual yield       × 100 
       Theoretical yield 
The percentage yield can vary from 100% (no product has been 
lost) to 0% (no product has been made). 
Worked example 
Copper oxide reacts with sulfuric acid to make copper sulfate and 
water. In an experiment, 1.6 g of dry copper sulfate crystals are 
made. If the theoretical yield is 2.0 g, calculate the percentage 
yield of copper sulfate. 

Percentage yield = (1.6/2.0) × 100 

Percentage yield = 80% 

Atom Economy 
 

No atoms are created or destroyed in a chemical reaction. How-
ever, the atoms in the reactants may not become the desired 
product.  They instead end up forming by-products. 
For example, hydrogen can be manufactured by reacting me-
thane with steam: 

Methane + steam —> hydrogen + carbon monoxide 
CH4(g) + H2O(g) —>  3H2(g) + CO(g) 

In this reaction, carbon and oxygen atoms in the reactants do 
not form the useful product. Carbon monoxide is a waste gas. 
 

The atom economy of a reaction is a measure of how many reac-
tant atoms form a desired product. 

Calculating percentage atom economy 
The percentage atom economy of a reaction is calculated using 
this equation:  
Atom economy =    Total Mr of desired product × 100 
    Total Mr of all reactants 
The atom economy of a reaction is 100% if there are no unwant-
ed by-products in the reaction. Usually the atom economy is less 
than 100%. The more atoms that end up in the by-products, the 
lower the atom economy. 
Worked example 
Hydrogen can be manufactured by reacting methane with steam:               
CH4(g) + H2O(g) —> 3H2(g) + CO(g) 
Calculate the atom economy for the reaction. 
Mr of CH4 = 12 + (4 × 1) = 16  Mr of H2O = (2 × 1) + 16 = 18 
Total Mr of reactants = 16 + 18 = 34 
Ar of H2 = (2 × 1) = 2 
Total Mr of desired product = 3 × 2 = 6 (there are three H2 in 
the balanced equation) 
Atom economy =    Total Mr of desired product × 100 
    Total Mr of all reactants 
Atom economy = (6/34) x100  = 17.6% (to 3 significant figures) 



Calculating concentrations (Higher Only) 
The concentration of a solution can be measured in g dm-3 
or in mol dm-3. It is more useful to know the concentration 
of a reactant in mol dm-3 as the amount of reactant in a giv-
en volume can be calculated. 
Concentration using moles 
The concentration of a solution can be calculated using: 
- the amount of dissolved solute in moles (mol) 
- the volume of solution (or solvent) in cubic decimetres 
(dm3) 
 
Concentration in moldm-3 = amount of solute in mol 
      volume in dm3   
The units for concentration can also be shown as mol/dm3 
or M (for 'molar'), but these mean the same as mol dm-3. 
Worked example 
0.5 mol of sodium hydroxide is dissolved in 2 dm3 of water. 
Calculate the concentration of the sodium hydroxide solu-
tion formed. 
Concentration in mol/dm-3 = amount of solute in mol 
      volume in dm3   
       = 0.5/2 

Volume units 
Volumes used in concentration calculations must be in dm3, 
not in cm3. It is useful to know that 1 dm3 = 1,000 cm3. This 
means: 

- divide by 1,000 to convert from cm3 to dm3 
- multiply by 1,000 to convert from dm3 to cm3 
 
For example, 250 cm3 is 0.25 dm3 (250 ÷ 1000). It is often 
easiest to convert from cm3 to dm3 before continuing with a 
concentration calculation. 

Converting between units 
The relative formula mass, Mr, of the solute is used to convert be-
tween mol dm-3 and g dm-3: 
- to convert from mol dm-3 to g dm-3, multiply by the Mr 
- to convert from g dm-3 to mol dm-3, divide by the Mr 
Worked example 
Calculate the concentration of 0.1 mol dm-3 sodium hydroxide solution 
in g dm-3. (Mr of NaOH = 40) 
Concentration = 0.1 × 40 
         = 4 g dm-3 



Titration calculations (Higher only) 
The results of a titration can be used to calculate the concentration of a solution, or the volume of solution needed to exactly neu-
tralise an acid or alkali. 

These types of calculations can also be used to calculate the 
volume of one solution that will react with a given volume of 
another. You need to know the concentrations of both solu-
tions and the balanced equation. 

The concentration of one of the solutions in a titration can be cal-
culated of the concentration of the other solution is known. 
Concentration in moldm-3 = amount of solute in mol 
      volume in dm3   
The mole 
ratio is the 
ratio in 
moles of 
the sub-
stances in a 
balanced 
equation.  





Reaction pathways (Higher only) 
 

Chemists often have a choice of reaction pathway to produce a substance on a large 
scale. 
 

A percentage yield calculation gives no indication of the amount of waste products. A 
reactions can have a high percentage yield but a low atom economy, meaning that 
waste by-products are formed. It is better to reduce the amount of waste produced 
than to have to treat it later. 
 

One way to improve atom economy of a reaction is to find uses for the by-products of 
the reaction. 
 

Chemists must consider other factors when deciding on a reaction pathway, including 
energy consumption, rate of reaction, raw materials and the conditions needed to pro-
duce a high yield if the reaction reaches equilibrium. 

Avogadro's law (Higher only) 
Avogadro's law states that equal volumes of different 
gases contain an equal number of molecules. 
This applies when the temperature and pressure stay the 
same. 
Avogadro's law can be used to calculate the volumes of 
gases involved in reactions. 
Using Avogadro's law 
Hydrogen reacts with chlorine to form hydrogen chloride: 

H2(g) + Cl2(g) —> 2HCl(g) 
The mole ratio of hydrogen to chlorine is 1:1. This means, 
for example: 
 1 cm3 of hydrogen reacts exactly with 1 cm3 of chlorine 
 250 cm3 of hydrogen reacts exactly with 250 cm3 of 

chlorine 
 

The mole ratio of hydrogen to hydrogen chloride is 1:2. 
This means, for example: 
 1 cm3 of hydrogen produces 2 cm3 of hydrogen chloride 
 250 cm3 of hydrogen produces 500 cm3 of hydrogen 

chloride 

Molar gas volume (Higher only) 
At a given temperature and pressure, one mole of any gas occupies the 
same volume. 
The molar volume is the volume occupied by one mole of any gas, at room 
temperature and pressure. 
The molar volume is equal to 24 dm3 (24,000 cm3). This volume is given in 
questions that need it. 
The molar volume is the same for any gas under the same conditions 
of temperature and pressure. It does not depend on the Ar or Mr of 
the gas. 

Using the molar volume 
Calculating the volume of a gas 
The volume of a known amount of gas can 
be calculated: 
Volume = amount in mol × molar volume 
 
Calculating the amount of a gas 
The amount of a known volume of gas can 
be calculated: 
Amount in mol =      volume      
     Molar volume 




