Understanding radioactivity through models, a game and a simulation. 










Brian Gray
Students some times have difficulty understanding the difference between a chemical reaction and a nuclear reaction. The following models and game may help. They include a:
· Model to explain a chemical reaction

· Model of a nucleus to explain the nucleus, isotopes and radioactive decay

· A game to understand a radioactive decay series

· A simulation exercise to explain the concept of half-life of a radioactive element.

Chemical reaction

This activity involves building models of the atoms of Fluorine and Lithium and then using them to explain the chemical reaction between Lithium and Fluorine. 

First, build the nuclei of Lithium and Fluorine by threading the appropriate number of coloured beads (one colour for protons and another for neutrons) onto some cotton and tying them into a bundle. Then, using a small clear airtight plastic bag for a Li and a large bag for F, tie the inside bottom corners with a length of cotton and fix these to the nucleus so that it will eventually be suspended in the centre of the bag. Tie another length of cotton to the nucleus and let the second end emerge from the bag. Inflate the bag and pull the cotton to get the nucleus to the center before tying it up. Use a felt tipped pen to mark the valence electrons on the outside surface of the bag. This is a model of an atom in which the beads represents the nucleus of the atom and the plastic surface the outer (valence) electron shell. Discuss the fact that any atom is essentially empty space. (Did you know that for a hydrogen atom, if the nucleus (a proton) was the size of your fist electron would be over 1,5Km away).
You can now use these to explain how, when a chemical reaction takes place, it is only the outside (valence) electrons of the reacting atoms that are involved. If the electronic arrangements are satisfactory, bonding between the reacting elements can take place and the product, a new species, is formed The tiny nucleus in the centre of the atom remains completely unaffected by what is happening between the valence electrons on the outside edge of the atoms.

Towards a nuclear reaction

A nuclear reaction on the other hand involves the nucleus breaking up to form new products. That means understanding the structure of the nucleus. The following model should help students to understand the difference between protons and neutrons, isotopes and what happens when an element undergoes radioactive decay to form a new element
1. The structure of a nucleus
Proton: 
Mark a “+” sign onto the top half of a number (at least 72) of dry white butter beans. These represent protons. 

Electron: 
Make small balls of out of some presstik that has been coloured with ink or cake colouring. These represent negatively charged electrons with a charge of -1. 

Neutron: 
Wrap an “electron” over the “+” sign on the top half of a “proton”. This combination gives us a neutral “neutron”. It has the same mass as a proton but does not carry a charge.

2. Isotopes
We will build models of the nuclei of 35Cl and 37Cl to explain the concept of isotopes.  Place 17 “protons” and 18 “neutrons” in each of two clear plastic bags. These would both represent the 35Cl nucleus. Relate this to the atomic number, mass number and number of nucleons and the written notation e.g.  35Cl. Now add two neutrons to the 35Cl nucleus to get 37Cl and, through questioning, help learners to understand the two isotopes of Chlorine and from there, isotopes in general. 
(Suggestion: Get learners to build the Carbon-12 and carbon-14 isotopes, the basis of carbon dating technology for determining the age of ancient wooden structures or fossils).

3. Radioactive decay
Get the student busy making neutrons and protons with white beans and coloured presstik. Place 92 protons and 146 neutrons in a transparent plastic bag. Use your hands to shape these into a sphere to represent the Uranium nucleus (U-238). You can now use your model of the U-238 nucleus to explain the two types of radioactive decay that can take place, viz alpha and beta decay.
Explain that the nucleus is not a solid sphere but rather a solid mass that is constantly changing shape, though staying closely packed together. If the nucleus is relatively large (like U-238) it can be unstable and bits can break off. We call this breaking off of pieces of the nucleus of an atom, “radioactive decay”. Two different types of particles can break off – a positively charged alpha particle and a negatively charged beta particle. Very short wavelength (high energy) electromagnetic radiation (gamma rays), is also emitted. 
An important point to realize when the nucleus of an atom in a sample of radioactive material disintegrates, the atom that decays (parent atom) gets transformed into another atom (daughter atom). Thus the number of atoms in the sample does not change. 

Alpha decay: An alpha particle is emitted when 2 neutrons and 2 protons break off together. This means the particle breaking off will have a mass number of 4, an atomic number of 2 and will carry a charge of 2+. i.e an alpha particle is a helium atom without its two electrons. i.e. it is a He ion with a charge of 2+. An ά2+ = He2+.
Thus:

238U ------>  234Th    +   ά2+ 
Beta decay: A beta particle is an electron that has been emitted when a nucleon transforms into a proton. 
Thus Th-234 decays to the new element Pd-234 when a beta particle is emitted.



234Th  --------- >   234Pa    +    β-1
4
Half–life of a radioactive element

This simple activity can be used to explain the concept of half-life of radioactive elements (i.e. time taken for half of the radioactive atoms in a sample of radioactive material to decay). 
Draw up a graph on which you will record the radioactive decay process. The vertical axis records the number of radioactive atoms and the horizontal axis records the time. 

Place 100 red beads (or beans) in a cup. These red beads represent radioactive (parent) atoms of an element. Now take ten red beads out of the cup, signifying that they have undergone radioactive decay and replace them with 10 white beads, representing the 10 stable (daughter) atoms. There are thus still 100 beads in the cup. 90 will be radioactive and 10 will be stable. Plot this on the graph as the end of the first time interval. Stir the beads up and then take another ten beads out (do not look while taking them out so that the extracting process (radioactive decay) is random). This time you should have some red and some white beads. Note the number of red beads that have been extracted and replace them with white beads. Now return all ten white beads to the cup. Record the number of red beads (radioactive atoms) in the cup before taking another ten beads out of the cup. Again, note the number of red beads in the sample, replace them with white beads and return them to the cup. Record the number of red beads in the cup. Continue this sampling process until there are about twenty red beads left in the cup.

Use the points that have been plotted to draw a ‘best fit’ line to represent the rate of decay of the radioactive atoms. The greater the number of atoms that you start with, the more likely the graph will follow a normal decay distribution. The half-life of the radioactive sample can now be determined by seeing at which point there are fifty radioactive atoms remaining in the cup. (We assume that each sampling represents an equal time period, e.g. ten years). 
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Radioactive decay game

Rules of the game: 
1. 
Each player (or team) places a coloured disc on the starting radioactive element 238U. 
2.  
A dice is thrown by each team in turn. If the dice shows: 1 or 2 means no decay happens; 3 or 4 means a beta decay; 5 or 6 means and ά2+ decay. 
3. 
Shift your disc to the appropriate element if the radioactive decay is possible on your throw. 
The winner is the first to reach 206Pb, the end of the series.
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