
Chemistry Transition work 
Week 5 

QUANTITATIVE CHEMISTRY
This week’s work is largely a refresher 
from GCSE. Answer the questions at 

the end of each section.the end of each section.



Overview 
Amount of Substance

Amount of Substance
• The mole
• Reacting masses
• Atom economy• Atom economy
• Solutions and titrations
• The ideal gas equation
• Empirical and molecular 

formulae



Amount of Substance part 1- The mole

A mole of a substance is the amount of that substance that contains 
the same number of elementary particles as there are carbon atoms

in 12.00000 grams of carbon-12.

The number of particles in one mole of a substance is 6.02 x 1023. 
This is known as Avogadro's number, L.

Number of particles = Number of moles x LNumber of particles = Number of moles x L



Amount of Substance part 1- The mole

The mass of one mole of a substance is known as its molar mass, 
and has units of gmol-1.

The symbol for molar mass of compounds or molecular elements is 
mr. The symbol for molar mass of atoms is ar. 

MASS = MOLAR MASS X NUMBER OF MOLES MASS = MOLAR MASS X NUMBER OF MOLES 
or m = mr x n

Mass must be measured in grams and molar mass in gmol-1



QuestionIT!

Atomic structure Atomic structure 
Part 1 

• The mole



Amount of Substance part 1 – QuestionIT

1. What is the definition of a mole?

2. What is Avogadro’s number, L?

3. Calculate the number of particles in 3 moles of gold.3. Calculate the number of particles in 3 moles of gold.

4. Calculate the number moles of copper if there are 8.7x1010

particles.



Amount of Substance part 1 – QuestionIT

5. What does the term molar mass mean?

6. What is the equation for calculating the number of moles from the 

mass and the molar mass of a substance?

7. Calculate the mass of 0.5 moles of water.

8. Calculate the number of moles in 28g of carbon dioxide.



Amount of Substance part 2- Reacting masses

It is possible to use the relationship moles = mass/mr to deduce the 
masses of reactants and products that will react with each other.

When performing calculations involving reacting masses, there are 
two main points which must be taken into account:

The total combined mass of the reactants must be the same as the The total combined mass of the reactants must be the same as the 
total combined mass of the products. This is known as the law of 

conservation of mass.

The ratio in which species react corresponds to the number of 
moles, and not their mass. Masses must therefore all be converted 

into moles, then compared to each other, then converted back.



Amount of Substance part 2- Reacting masses

Reactions which go to completion

What mass of aluminium will be needed to react with 10 g of 
CuO, and what mass of Al2O3 will be produced?

3CuO(s) + 2Al(s)  Al2O3(s) + 3Cu(s)

Number of moles = mass / molar massNumber of moles = mass / molar mass

= 10/79.5
= 0.126 moles of CuO

3:2 ratio with Al
so 2/3 x 0.126 = 0.0839 moles of Al, so mass of Al = 0.0839 x 27 = 2.3 g

3:1 ratio with Al2O3
so 1/3 x 0.126 = 0.0419 moles of Al2O3, so mass of Al2O3 = 0.0419 x 102 = 4.3 g



Amount of Substance part 2- Reacting masses

Reactions which do not go to completion

Many inorganic reactions go to completion. Reactions which go to 
completion are said to be quantitative. It is because the reactions 
go to completion that the substances can be analysed in this way.

Some reactions, however, particularly organic reactions, do not go Some reactions, however, particularly organic reactions, do not go 
to completion. It is possible to calculate the percentage yield of 

product by using the following equation:

% yield =        amount of product formed x 100
maximum amount of product possible 



Amount of Substance part 2- Reacting masses

Example 1:  2.0 g of ethanol (C2H5OH) is oxidised to ethanoic acid (CH3COOH). 
1.9 g of ethanoic acid is produced. What is the percentage yield? (assume 1:1 
ratio)

Moles of ethanol = 2/46 = 0.0435
Max moles of ethanoic acid = 0.0435
so max mass of ethanoic acid = 0.0435 x 60 = 2.61 g
percentage yield = 1.9/2.61 x 100 = 73%

Example 2: When propanone (CH3COCH3) is reduced to propan-2-ol 
(CH3CH2CH2OH), a 76% yield is obtained. How much propan-2-ol can be 
obtained from1.4 g of propanone? (assume 1:1 ratio)

Moles of propanone = 1.4/58 = 0.0241 moles
So max moles of propan-2-ol produced = 0.0241 moles
So actual amount produced = 0.0241 x 76/100 = 0.0183 moles
So mass of propan-2-ol = 0.0183 x 60 = 1.1 g



QuestionIT!

Amount of SubstanceAmount of Substance
Part 2 

• Reacting masses



Amount of Substance part 2 – QuestionIT

1. When performing calculations involving reacting masses, what are 
the two main points which must be taken into account?

2. What is meant by the term ‘percentage yield’?

3. What is the equation used to calculate percentage yield?

4. Butan-1-ol was converted into butyl propanoate by reaction with an 4. Butan-1-ol was converted into butyl propanoate by reaction with an 
excess of propanoic acid. In the reaction, 6.0 g of the alcohol gave 7.4 
g of the ester. Calculate the percentage yield of ester.

5. Hydrolysis of the ester, CH3COOCH2CH2CH3, produces ethanoic acid 
CH3COOH. In an experiment, 2.04 g of the ester was used and 0.90 g of 
ethanoic acid was produced. Calculate the percentage yield of 
ethanoic acid.



Amount of Substance part 3 – Atom economy

When we carry out a chemical reaction in order to make a 
product, we often make other products, called by-products, as 

well.

The atom economy of a reaction is the percentage of the total 
mass of reactants that can, in theory, be converted into the 

desired product. It can be calculated as follows:

% atom economy = mass of desired product x 100% atom economy = mass of desired product x 100
total mass of products

The higher the atom economy, the less waste and the more 
efficient the product process (assuming the reaction does actually 

go to completion).

All reactions which have only one product have an atom economy 
of 100%



Amount of Substance part 3 – Atom economy

Example 1: In the production of NaOH from NaCl the following 
reaction takes place:

2NaCl + 2H2O  2NaOH + H2 + Cl2

Assuming we start with 2 moles of NaCl and 2 moles of H2O, we 
will make 2 moles of NaOH, and 1 mole of H and Cl .will make 2 moles of NaOH, and 1 mole of H2 and Cl2.

So % atom economy = (2 x 40) x 100 = 52.3 %
(2 x 40) + (1 x 2) + (1 x 71)

The remaining 47.7% of the mass is converted into less useful 
products and is hence wasted.



QuestionIT!

Amount of SubstanceAmount of Substance
Part 3 

• Atom economy



Amount of Substance part 3 – QuestionIT

1. What is the definition of the term ‘atom economy’?

2. What is the equation used to calculate atom economy?

3. What is the atom economy for the reaction C + O2 CO2?

4. What does a high value for atom economy suggest?

5. Calculate the percentage atom economy for the production of 
ammonia in the reaction between ammonium sulfate and sodium 
hydroxide.

(NH4)2SO4(s) + 2NaOH(aq) → 2NH3(g) + Na2SO4(aq) + 2H2O(l)


