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Do it now:

Quantitative chemistry (C3)
Monday, 25 September 2023

1. How is the periodic table arranged?

2. Why did Mendeleev leave gaps in his periodic table?

3. State the number of protons, neutrons and electrons 
in a sodium atom.

4. Draw the electronic configuration of sodium.

5. What does the mass number of an atom tell you?

6. What is an isotope?

7. State how many atoms of each element are in Ca(OH)2?

Maths challenge! The diameter of an atom ranges from about 0.1 to 0.5 
nanometres. Convert 0.1 nanometres into millimetres.



Quantitative chemistry (C3)
Monday, 25 September 2023

1. How is the periodic table arranged?

2. Why did Mendeleev leave gaps in his periodic table?

3. State the number of protons, neutrons and electrons in a sodium atom.

4. Draw the electronic configuration of sodium.

5. What does the mass number of an atom tell you?

6. What is an isotope?

7. State how many atoms of each element are in Ca(OH)2?

Elements are arranged by increasing atomic (proton) number (NOT MASS NUMBER!)

For undiscovered elements (that were later discovered)

Protons = 11, electrons = 11, neutrons = 23-11 = 12

The number of protons + the number of neutrons

Isotopes contain the same number of protons but a different number of neutrons.

1 calcium atom, 2 oxygen atoms and 2 hydrogen atoms.



Maths challenge!

Convert 0.1 nanometres into millimetres.

0.1 nm = 0.1 / 1,000,000 mm

= 0.0000001 or 1x10-7 mm

x 1,000,000

÷ 1,000,000

Quantitative chemistry (C3)
Monday, 25 September 2023



Moles 

Relative formula mass (RFM)

Concentration of solutions

Conservation 

of mass

Amounts in equations

Percentage yield and 

atom economy

C3 - Quantitative chemistry

C3 - Quantitative 

chemistry

Balanced equations

Limiting reactants

Volumes of gases

C1 - Atomic structure and the 

periodic table 

C2 - Bonding, structure, and the 

properties of matter

TRIPLE HIGHER

Titrations

C4 - Chemical changes

C7 - Organic chemistry

C6 - The rate and extent of 

chemical change

C5 - Energy changes

C10 - Using resources

C9 - Chemistry of the atmosphere

C8 - Chemical analysis



What is the 
conservation of 

mass?

LO: Identify the law of conservation of mass

Challenge: Complete the equation and state the mass of the 
product.

Copper   +   sulphur   →

5.1 g 2.4 g



Word:

Conservation 
(tier 3)

Define it:

The act of preventing decay, waste or 
loss so the total value remains constant. 

Link it 
(similar words):

Maintain, 
preserve, sustain

Digging Deeper: 

‘Conservation’ can also mean 
protecting natural resources such as 
wildlife, rivers and forests in order to 
protect them

Deconstruct it (root word):

From latin words con (which 
means together) and servare
(which means to preserve)

Use it:

The conservation of energy 
states that energy cannot 
be created or destroyed.

Write a sentence of 
your own that uses 
the word 
conservation.

Write your own 
definition of the 
word conservation.

Which subjects or 
topics will this word 
be relevant to?



The Law of Conservation of Mass states that ‘matter cannot 
be created or destroyed in a chemical reaction’. 

This means that 
the number of 
atoms in the 
reactants… 

…must be equal 
to the number 
of atoms in the 
products.

The total mass of products at the end of the reaction is equal
to the total mass of the reactants at the beginning

Chemical reaction

LO: Identify the law of conservation of mass



+ →

Reactants Products

C O2 CO2+ →

The total mass of products at the end of the reaction is equal
to the total mass of the reactants at the beginning

LO: Identify the law of conservation of mass



LO: Explain these changes in terms of the particle model.

Exam practice

100 – 44 = 56

56

44



LO: Explain these changes in terms of the particle model.

Exam practice

1
3

125 – 81 = 44

44



Challenge: How can you measure how much mass is being lost?

LO: Describe any observed changes in mass in a chemical reaction. 

The mass of the raw ingredients in a cake is always more than the mass 
of the final product… why?

Higher mass Lower mass

Hint: You need to add baking powder when you bake a cake to make it rise. Baking powder is 
sodium hydrogen carbonate (NaHCO3) and it decomposes when it is heated…



Some reactions appear to show a change in mass. According to the 
conservation of mass, this isn’t possible!

Some reactions release a gas and the mass appears to decrease. 
The particles are just ‘rearranged’ and are lost into the air – mass is 

never lost!
 

Challenge: How can we 
measure the mass of gas 

released without using the 
conservation of mass?

LO: Describe any observed changes in mass in a chemical reaction. 

Using a gas syringe!



Before the reaction, the mass of 
the solid marble chips and 

aqueous dilute HCl is 100 grams.

100.00g 95.00g

CO2 gas

After the reaction, some of the 
particles are lost as CO2 gas, so 

the mass decreases to 95 grams.

Challenge: Why do you think cotton wool is placed in the top of the 
conical flask?

Cotton wool is used to stop any of the acid from coming out of the 
beaker, whilst also allowing to CO2 gas to escape. 

LO: Explain these changes in terms of the particle model.



We can find out how much has been lost in a chemical reaction.

For example…

Sammy heats 5g of copper carbonate.
After heating, Sammy measured the mass of the product, copper 
oxide. The balance read 3.2g.

How much carbon dioxide was made?
5g – 3.2g = 1.8g

 

Losing mass

LO: Explain these changes in terms of the particle model.



LO: Explain these changes in terms of the particle model.

Exam practice

The mass of the products should equal the mass of the 
reactants (due to the conservation of mass). The mass has 
decreased by 4.4 grams because a gas has escaped.



How could I make sure that they have exactly the same number 
of A particles as B particles, so that no reactants are wasted? 

Could I count the particles? 
Could they react 1g of substance A with 1g of substance B?

LO: Define RFM and RAM 

Imagine the reaction below…

A         +        B AB

No – the particles are too small!

No – the particles are different sizes, so 1 gram of A would be a 
different number of particles to 1 gram of B! 

Why are they different 
sizes???

They have different 
relative formula masses



Word:

Relative (tier 2)

Define it:
Considered in relation or in 
proportion to something else

Link it (similar 
words):
comparative,
comparable,
correlative

Digging Deeper: 

Relative can also be used to describe 
a person connected by blood or 
marriage (family) e.g.  brother, sister

Deconstruct it (Root word):

The word relative is 
derived from the 
Latin word relativum, which 
means having relation to or 
dependence on something else.

Use it:

The masses of protons, 
electrons and neutrons 
are all relative to each 
other.

Write a sentence 
of your own that 
uses the word 
relative.

Write your own 
definition of the 
word relative.

Which subjects or 
topics will this 
word be relevant 
to?



Challenge – Why is the mass number of copper a decimal?

The Relative Atomic Mass (RAM) is the average mass of an atom.

The atomic mass is always the biggest number associated with that 
element in the periodic table.

Hint:

Think of the mass 
number as the most 
massive number!

The RAM of copper is 
63.55, not 29.

Due to isotopes! (next slide…)

LO: Define RFM and RAM 



Challenge – Why is the mass 
number of copper a decimal?

Due to isotopes! Isotopes are atoms 
with the same number of protons but a 

different number of neutrons:

LO: Define RFM and RAM 

65

Some Cu atoms have a mass of 63. Some Cu atoms have a mass of 65:

p = 29
e = 29
n = 34

p = 29
e = 29
n = 36

The atomic mass number on the periodic table in an average mass of 
all Cu atoms, so it is a decimal number.



What is the RAM of aluminium?

Quick quiz!

27

LO: Calculate RFM and RAM for common atoms and compounds



What is the RAM of magnesium?

24

LO: Calculate RFM and RAM for common atoms and compounds

Quick quiz!



What is the RAM of xenon?

131!

LO: Calculate RFM and RAM for common atoms and compounds

Quick quiz!



The Relative Formula Mass (RFM) is the average mass of an compound.

It is the total sum of the masses of each atom in a compound.

LO: Define RFM and RAM 

e.g. water, H2O

Relative Formula Mass of water is 1+1+16 = 18!



LO: Define RFM and RAM 

e.g. salt, NaCl

Relative Formula Mass of NaCl is 23+35.5 = 58.5!

The Relative Formula Mass (RFM) is the average mass of an compound.

It is the total sum of the masses of each atom in a compound.



The RAM and RFM is easy for you to work 
out in your exams, as long as you have 
your trusty periodic table (AKA your best 
friend in any chemistry test!)



LO: Calculate percentage by mass of an element in a compound

Exam example 1:

Li2O =   (7 x 2)   +   16
=  30



LO: Calculate percentage by mass of an element in a compound

Exam example 2:

MgSO4 =   24  +  32  +  (16 x 4)
=  120



LO: Calculate percentage by mass of an element in a compound

Exam example 3:

CaO CO2

Mr of CO3 = 12 + (16x3)
= 60

Mr of metal = 197 – 60
= 137

137
Barium



LO: Calculate percentage by mass of an element in a compound

As well as calculating RFM, you need to be able to calculate the 
percentage by mass of an element in a compound…

This sounds confusing, but it is simply working out one number 
as a percentage of another!

‘Value’ is the mass of the element 
you are trying to work out.

‘Total’ is the total mass of 
the whole compound.



LO: Calculate percentage by mass of an element in a compound

Exam example 1:

Mr of iron oxide = (56 x 2) + (16 x 3)
= 160

Mr of iron = 56 x 2 = 112

% of iron in iron oxide = (112 ÷ 160) x 100
= 70%



Total mass of oxygen = 2 x 16  = 32

𝟑𝟐

𝟒𝟒

x 100 = 𝟕𝟐.𝟕%

72.7

LO: Calculate percentage by mass of an element in a compound

Exam example 2:

Total mass of CO2 = (2 x 16) + 12  = 44



Total mass of titanium = 48

Total mass of TiCl4 = 48 + (35.5 x 4) = 190

(48 / 190) x 100 = 25.26%

LO: Calculate percentage by mass of an element in a compound

Exam example 3:

25.3



LO: Calculate percentage by mass of an element in a compound

Exam example 4:

3 : 2 : 6 : 18

Total mass of Be = 3 x 9 = 36
(36 / 537) x 100 = 5.02%

5.0%



What could this 
have to do with 

chemistry?

LO: Describe the relationship between mass, volume and concentration 

Challenge – How can 
concentration be 

measured?



Put simply, concentration is a measure of how much ‘stuff’ you have in 
a volume of liquid, making a solution.

316g of KMnO4 in 1 
litre of water 

79g of KMnO4 in 1 
litre of water 

79g of KMnO4 in 
500mL of water 

Which solution is the 
most concentrated? 
How do you know?

LO: Describe the relationship between mass, volume and concentration 



Put simply, concentration is a measure of how much ‘stuff’ you have in 
a volume of liquid, making a solution.

Key definition:

Concentration is a measure of how many solute particles are 
dissolved in a specific volume of solvent.

If a solution is less concentrated 
(dilute) then there are fewer solute 
particles present in the solvent.

If a solution is more concentrated 
then there are more solute particles 
present in the solvent.

LO: Describe the relationship between mass, volume and concentration 



In chemistry we can calculate concentration by working out the 
number of grams in a dm3 of solution.

Concentration (g/dm3) = Mass (g) ÷ Volume (dm3)

1 dm3 = 1000cm3 (or a litre)

LO: Describe the relationship between mass, volume and concentration 

Task: Use the triangle to write the 
equations for calculating mass and volume.

Mass (g) = concentration (g/dm3)  x  volume (dm3)

Volume (dm3) = mass (g)  ÷ concentration (g/dm3) 



Concentration (g/dm3) = Mass (g) ÷ Volume (dm3)

1 dm3 = 1000cm3 (or a litre)

LO: Describe the relationship between mass, volume and concentration 

Example:

A solution has 40 grams of solute dissolved in 
20dm3 of solvent. What is the concentration?

Concentration = mass (g) ÷ volume (dm3)

= 40g ÷ 20dm3

= 2 g/dm3



Concentration (g/dm3) = Mass (g) ÷ Volume (dm3)

1 dm3 = 1000cm3 (or a litre)

LO: Describe the relationship between mass, volume and concentration 

Example:

A solution has a concentration 6g/dm3. What is 
the mass of solute in 100dm3 of this solution?

Mass (g) = concentration (g/dm3) x volume (dm3)

= 6g/dm3 x 100dm3

= 600 g



Concentration (g/dm3) = Mass (g) ÷ Volume (dm3)

1 dm3 = 1000cm3 (or a litre)

LO: Describe the relationship between mass, volume and concentration 

You must ensure you are working in dm3, 
which may mean you need to do a conversion 
first (mean examiners!!)

dm3 cm3

x 1000

÷ 1000



Concentration (g/dm3) = Mass (g) ÷ Volume (dm3)

1 dm3 = 1000cm3 (or a litre)

LO: Describe the relationship between mass, volume and concentration 

Example:

A solution has 50 grams of solute dissolved in 
2000cm3 of solvent. What is the concentration?

Concentration = mass (g) ÷ volume (dm3)

2000 cm3 = 2 dm3 

= 50g x 2dm3

= 100 g/dm3



Task: Complete the 
concentration calculations 

worksheet

10 minutes

End

LO: Calculate the concentrations, volumes and masses in solutions 



1 a. 0.25dm3

b. 0.125dm3

c. 1500m3

d. 0.05dm3

e. 1dm3

2a. 10g / 1dm3 = 10 g/dm3

b. 150cm3 = 0.150dm3

1.5g / 0.150dm3 = 10 g/dm3

c. 500cm3 = 0.500dm3

2.3g / 0.500dm3 = 4.6 g/dm3

3a. 2g/dm3 x 0.5dm3 = 10g

b. 250cm3 = 0.250dm3

1.5g/dm3 x 0.250dm3 = 0.375g

c. 10cm3 = 0.01dm3

0.4g/dm3 x 0.01dm3 = 0.004g

d. 500cm3 = 0.5dm3

5g/dm3 x 0.5dm3 = 2.5g

Self assessment



40cm3 = 0.04dm3

Mass = 0.04dm3 x 80 g/dm3 

=  3.2 grams

=  3.2 grams

50cm3 = 0.05dm3

Mass = 0.05dm3 x 300 g/dm3 

=  15 grams=  15 grams
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