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Structure 1.4.1 
The mole							  
References:
S1.4.1 The mole (mol) is the SI unit of amount of substance. One mole contains exactly the number of elementary entities given by the Avogadro constant.
T3 General mathematical skills 
Aim 
To understand the relationship between the mole, Avogadro’s constant and mass.
Introduction
A mole is one of the seven base units in the SI system. It states the amount of a pure substance. One mole is defined as being equal to 6.02214076 × 1023 elementary entities (molecules, atoms, electrons, photons, and so on). It should be evident that this very specific number has not been calculated by chance but rather by design.

Until 2019, a mole was described as the number of carbon atoms that exist in exactly 12 grams of 12C, a stable isotope of carbon. 

Since carbon was determined to have a relative atomic mass of 12, relating the mole to 12 g of carbon means that the mass of 1 mol of a substance can be directly related to the relative atomic mass as there is a direct 1:1 relationship between relative atomic mass and grams for 1 mol of a substance.

In the modern push to disconnect the base units from physical artefacts, and in this case the measurement of mass, the mole is simply defined as:

One mole of any substance contains exactly 6.02214076 × 1023 elementary entities.

In this activity we will model the use of the mole unit with a new arbitrary unit of our own.
We will call this unit ‘CPU’ (candy piece unit, or you may choose a different unit label as a class), and assume that 1 CPU represents six pieces of candy.



Pre-lab questions
1. Different elements have different mass. Consider a bag of apples that have an average mass of 0.100 kg each and a bag of oranges that have an average mass of 0.500 kg each. 
a) If the mass of a bag of apples was 1 kg, how many apples would you expect? 
b) In a 1 kg bag of oranges, how many oranges would you expect?


2. Any bag of oranges that had a mass five times greater than the mass of a bag of apples would contain _______ number of fruits:
a) a larger
b) the same
c) a smaller 

The same idea extends to atoms and compounds.

Equipment list
	Chemicals/materials 
	Apparatus (per group of students) 

	Four boxes of candy (two of them of the same kind), provided by your teacher
Example: two boxes of caramels, one box of chocolate chips, one box of chewing gum

	digital balance






Method
1. Record the number of candies in each of the three different candy boxes. 
2. Leave the fourth box (the second box of caramels) on the side for now.
3. Measure the mass of each of the three boxes using the balance and record your findings 
in the table below.

	Box #
	Name of items in the box
	Number of candy pieces
	CPU
	Mass of box (g)
	Mass/CPU

	example
	Caramel
	12
	2
	60 g
	30 g/CPU

	1
	Caramel (box 1)
	
	
	
	

	2
	Chocolate chips
	
	
	
	

	3
	Chewing gum
	
	
	
	

	4
	Caramel (box 2)
	Unknown
	
	
	



4. Measure the mass of the fourth box of candy without opening it to measure the number of candy pieces inside. 
5. Determine the number of candies using the mass/CPU determined for this kind of candy in the table.

Analysis 
It should be clear by now that a mole represents 6.02 × 1023 particles of the substance.
1. A mole of carbon atoms consists of ____________ carbon atoms.
2. A mole of carbon dioxide consists of ____________ carbon dioxide molecules.
3. A mole of electrons consists of ____________ electrons.
4. The relative atomic mass of carbon is 12.01, and one mole of carbon will have a mass 
of 12.01 g. What is the mass of a single carbon atom?
5. Determine the molar mass of ethanol (C2H5OH). A single drop of ethanol has a mass of 2.3 mg. How many molecules of ethanol are present in the drop?

Post–lab report
Write a report where you:
Evaluate the presented model and consider how it can be expanded, or propose a different model for studying this concept.
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