Nuclear Chemistry (in brief)

There are a few main things you should know for nuclear chemistry:

What does it mean for a nucleus to decay and how do nuclei decay?

What is half-life and how is it calculated?

What are fission and fusion?

What does it mean for a nucleus to decay and how do nuclei decay?

There are three types of decay:

Alpha, beta, and gamma

Alpha particles have the lowest energy.  They are helium nuclei with 2 protons and 2 neutrons.  They are released from a nucleus that needs to do a large reduction in its mass because its current proton:neutron ratio is unstable.

The symbol for an alpha particle is: 4He

Alpha particles have very little energy.  A sheet of paper or the outer layers of your skin will stop them from penetrating. 

Beta particles are essentially electrons.  When a neutron decomposes, it leaves a proton in the nucleus and emits an electron.  

The symbol for a beta particle is:  0e

Beta particles have some energy.  Several pieces of aluminum foil, however, are thick enough to stop them.

Gamma rays have no mass or charge. They are high energy waves that are spontaneously emitted or accompany an alpha or beta emission.  

The symbol for gamma rays is:

Gamma rays can only be stopped by thick blocks of concrete or by lead.

What is half-life and how is it calculated?

Half-life refers to how long it takes for half of the amount of a substance to decay.  For example, if you have 50 grams of a substance that has a half-life of 10 days, then after 10 days, you’ll have 25 grams of it left in the original form.  Ten days later you will have 12.5 g of it left in the original form and so on.

You can use the calculation:   
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So if we have 100 grams of a substance that has undergone 4 half-lives, we have only 1/16 of it left or 6.25 g.

What are fission and fusion?

Fission is when a nucleus splits into two new nuclei.  This happens in nuclear reactors that use Uranium as the source material.

Fusion is when two nuclei come together to form a new atom.  This happens in the sun.

Practice!

For the following equations, figure out what the missing component is.  It may be an alpha or beta particle.  It may be the atom that is left when an alpha or beta particle is emitted.  Also identify the type of particle emitted.

Hint:
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Half-life problems:

1. How much of a 100.0 g sample of 198Au is left after 8.10 days if its half-life is 2.70 days?

2. A 50.0 g sample of 16N decays to 12.5 g in 14.4 seconds.  What is its half-life?

3. There are 5.0 g of 131I left after 40.35 days.  How many grams were in the original sample if its half-life is 8.07 days?

