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 S1.2.2 
Modelling isotopic abundance – ‘Pouch of marbles’		 
References:
S1.2.2 Calculations involving non-integer relative atomic masses and abundance of isotopes from given data. 
T3 General mathematical skills 
Aim 
To conceptualize isotopic abundance and relative atomic mass. 
Introduction
Elements consist of various isotopes that are chemically identical. For example, in each mole of chlorine atoms, 75.5% of the atoms are ‘normal’ chlorine-35 atoms while the remaining 24.5% are chlorine-37 atoms. Chlorine-35 atoms  consist of 17 protons, 18 neutrons and 17 electrons, and therefore, have an atomic mass of 35. Chlorine-37 atoms  however, have two more neutrons and so have an atomic mass of 37. Remember that the mass of electrons is inconsequential and has no practical effect on the mass of an atom.

Looking at the periodic table, you can see that the relative atomic mass of chlorine atoms is 35.45.  A common misconception is that the difference of 0.45 is due to the electrons, but this cannot be, because the mass of the electron is only 0.0005 so you would need about 900 electrons to affect the mass by that much.

The reason for the deviation between the atomic mass and the relative atomic mass is 
that the relative atomic mass is a reference to the average mass of the isotopes that make 
up the element.

In the given example, chlorine exists as two stable isotopes: 35Cl and 37Cl, with an isotopic abundance of 75.5% and 24.5% respectively. 








Unless you are given the exact value of the mass for each isotope, you use the atomic mass of each isotope: 



The accuracy of the atomic mass calculated depends on the available data for the isotopes and their abundances.

In this lab, your teacher will provide you with a pouch that contains 10 (or 100) identical looking marbles. You are challenged to determine the average mass of each marble and then identify the ‘isotopic abundance’ of the marbles in the pouch. The isotopic abundance profile is set by your teacher. 

In the following activity there is a system of two ‘isotopes’. Seven out of ten of the marbles (isotope 1) have a specific mass (X g per marble), which is given as information from your teacher. You are then asked to determine the mass of the second ‘isotope’.

Pre-lab questions
1. Boron has two naturally occurring isotopes, 10B and 11B, with the following abundances:
	Isotope
	% Abundance 

	10B
	20

	11B
	80



What is the relative atomic mass of boron?


2. An element has two naturally occurring isotopes with the following masses 
and abundances:  
	Isotopic mass
	% Abundance 

	84.9118
	72.15

	86.9092
	27.85



What is the relative atomic mass of this element? 
Identify the element in the periodic table.



3. An element has three naturally occurring isotopes with the following masses 
and abundances:  
	Isotopic mass
	% Abundance 

	38.964
	93.26

	39.964
	0.01

	40.962
	6.73



What is the relative atomic mass of this element?  
Identify the element in the periodic table.

  Please note 
A full risk assessment should be carried out prior to commencing this experiment. 
Personal safety equipment should be worn. 
Chemicals should be disposed of safely and with due regard to any environmental considerations.

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	

	
	

	

	
	

	

	
	




Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	

	
	





Ethical risks
	Risks to humans
	Justification
	Management

	

	
	

	Risks to the environment
	Justification
	Management

	

	
	



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

	n/a
	pouch of marbles
digital balance 





Method
1. Collect a pouch of marbles from your teacher and record the mass of the empty pouch.
2. Record the mass of the pouch plus the marbles.
3. Calculate the average mass of the marbles.
4. Given that 70% of the marbles have a known mass X, determine the mass of the other marble ‘isotope’ following the steps provided in the analysis below.

Analysis 
	Number of marbles (N)
	

	Mass of pouch (P)
	
__________ g

	Mass of marbles + pouch (MP)
	
__________ g

	Mass of marbles M = (MP − P)
	
__________ g

	Average mass A = M ÷ N

	
__________ g






	Isotope 1 (given by teacher)
	Isotope 2 

	
Mass: __________ g

	
Mass: __________ g
(to be determined)


	
Abundance: X% =__________ %

	
Abundance: (100 − X)% = __________ %





Determination of the mass of the second ‘isotope’:






Reflection
Evaluate the presented model. What are some limitations of this model of isotopic abundance?
Post–lab report
Write a report where you:
Summarize the important theoretical concepts described in this lab. 
Summarize the activity procedures.
Highlight any important health and safety matters.
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