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The Avogadro constant 

Specification reference 

 3.1.2.2 

 MS 0.1 Recognise and use expressions in decimal and ordinary form 

 MS 0.4 Use calculators to find and use power, exponential, and logarithmic 
functions 

 MS 1.1Use an appropriate number of significant figures. 

Learning objectives 

After completing the worksheet you should be able to: 

 carry out calculations using the Avogadro constant 

 carry out calculations using numbers in standard and ordinary form 

 substitute numerical values into algebraic equations, and change the  
subject of equations 

 report calculations to an appropriate number of significant figures. 

Introduction 

One mole of any substance contains the same number of particles as the number of 
atoms in 12 g of carbon-12. This number of particles is a huge number and is called 

the Avogadro constant. It has a value of 6.02  1023 and is given the units of mol−1 
(per mole). 

The relative atomic mass of an element in grams contains 6.02  1023 atoms or one 
mole of that element. The relative formula mass of a compound in grams contains 

6.02  1023 particles (molecules or ions) or one mole of that compound. Therefore 
we use the term molar mass to describe the relative atomic or formula mass of a 
substance in grams and give it the unit g mol−1. 

To calculate the number of particles in a certain mass of a substance we can use 
the following equation. 

Number of particles =
mass m  (g)

molar mass M (g mol-1)
´ 6.02 ´ 1023(mol-1) 

Worked example 

Question 1 

How many molecules are there in 42.5 g of ammonia, NH3? 

Answer 
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Step 1 

Calculate the molar mass of ammonia using the relative atomic masses of nitrogen 
and hydrogen from the periodic table. 

Relative atomic masses: nitrogen 14.0, hydrogen 1.0 

NH3  (1  N)  (3  H)  (1  14.0)  (3  1.0)  17.0 g mol−1 

Note: Remember to give all molar masses to one decimal place. 

This means 17.0 g of ammonia contains 1 mol of ammonia or 6.02  1023 molecules. 

Step 2 

Substitute the values into the equation: 

amount, n =
42.5 g

17.0 g mol -1
´ 6.02 ´1023  mol -1 

    1.505  1024 

    1.51  1024 (to 3 significant figures) 

Note: You can only give your answer to the same degree of accuracy (significant 
figures) as the least accurate value used in the calculation. In this case to three 
significant figures. 
 

Questions 

1 a Calculate the molar mass of glucose, C6H12O6. Give your answer to one 
decimal place. (1 mark) 

  

 

 

b If the molar mass of glucose weighed out in grams contains 6.02  1023 
molecules of glucose, calculate the number of molecules in (3 marks) 

i 90 g of glucose 

ii 360 g of glucose 

iii 45 g of glucose. 
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2 Calculate the following: 

 Give all answers in standard form to the same number of significant figures as 
used for the information in the question. (5 marks) 

a the number of atoms in 20.2 g of neon 

b the number of atoms in 80.2 g of calcium 

c the number of oxygen atoms in 48.0 g of oxygen 

d the number of oxygen molecules in 49.6 g of oxygen gas 

e the number of ions in 310 g of magnesium ions, Mg2.Calculate the following: 

 

 

 

 

 

 

 

 

 

 

3 Give all answers in standard form to the same number of significant figures as 
used for the information in the question. (6 marks) 

a the number of atoms of oxygen in 132 g of carbon dioxide, CO2 

b the number of chloride ions in 129.9 g of iron(III) chloride, FeCl3 

c the number of hydroxide ions in 198 g of barium hydroxide, Ba(OH)2 

d the number of molecules of water in 150 g of hydrated copper sulfate, 
CuSO4•5H2O 

e the number of molecules in 1 cm3 of water (density of water  1 g cm−3) 

f the number of atoms of helium in a balloon with a volume of 5 dm3  
(assume the density of helium to be 0.17 g dm−3). 
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4 Calculate the mass in grams of the following: 

a 10 million atoms of gold (1 mark) 

b 1 molecule of water. (1 mark) 

 

 

 

 

 

 

 

Maths skills links to other areas 

You will be required to express answers to calculations in standard form and  
to an appropriate number of significant figures throughout Chapter 3: Amount  
of substance. 
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