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Name:_____________________________   Date:_____________
Chemistry-2 Period___________________

Activity 9:  Radioactivity and Half-life

	Procedure 
	Observations

	1. This activity is going to simulate the decay of radioactive nuclei.  The unstable nuclei can release an alpha particle, beta particle, or radiation energy to form new stable nuclei.
	What do radioactive nuclei give off when they decay?



	2. When a radioactive substance decays, all of the nuclei do not decay at the same time.  The decay rate is the amount of time it takes for one half of the radioactive sample to decay into stable atoms.   We call this amount of time the half-life of the radioactive substance.
	Define half-life.



	3.The unstable radioactive atoms are also referred to as  parent atoms.  The stable atoms they mutate into are referred to as  daughter atoms. 
	In radioactive atoms, what part of the atom decays because it is unstable?

	4. In this activity, the “unstable radioactive nuclei” of the radioactive atoms will be represented by the m&m’s that you get from your teacher.  The “stable nuclei” will be represented by the Smarties.
	Which type of candy represents the “unstable nuclei” of the parent atom?

Which type of candy represents the “stable nuclei” of the daughter atom?



	5. The diagram to the right shows the relationship between the parent nuclei and the daughter nuclei.

In the boxes to the right, label which candy (m&m's or Smarties) is the parent and daughter nuclei.


	

	6. Get a cup of m&m’s, Smarties, and a plate from your teacher.  Pour out m&m’s onto the plate and count the number of m&ms, “unstable nuclei” and enter the information in the space to the right.
	What color are your “unstable nuclei”?

How many “unstable nuclei” are you starting with?

Enter this # in column 4

	7.  Notice that the m&m’s have an “m” on one side and are blank on the other side.  The “m” side will be the unstable radioactive nuclei that will decay.  The blank side will not decay during that half-life.  Therefore, there is a 50% chance that when shaken, the m&m’s will land on the “m” side and decay.  
	Draw both sides of an m&m below.



	8. The 3 packages of Smarties represent the “stable daughter nuclei” that you end up with after the unstable radioactive nuclei” decay. Put the packages of Smarties aside.
	What do the Smarties represent?



	9. Put all the “unstable radioactive nuclei” (m&m’s) back into the cup, put your hand over the cup and gently shake the m&m's inside.  The shaking represents one half-life of the atoms.  Pour the “unstable radioactive nuclei” (m&m's) onto the plate.  Remove all of the m&m's that have their "m" side facing up and place them on a paper towel. These represent unstable radioactive nuclei that have decayed.   
	How many m&m's landed "m" side up (decayed nuclei)?

Enter this # in column #3

How many m&m's landed blank side up 
(nuclei that haven’t decayed)?

Enter this # in column 4 

	10.  Replace the decayed nuclei ("m" side up) with the same number of Smarties “stable daughter nuclei” on the paper plate. Put the Smarties and remaining “unstable nuclei” m&ms (blank side up) back into the cup.   
	How many Smarties did you add to the paper plate 
(new stable nuclei)?

Enter this # in column 5.

	11.  Put the Smarties and remaining “unstable nuclei” m&ms (blank side up) back into the cup.  Repeat steps 9 & 10 until all the unstable radioactive nuclei have changed into stable nuclei.  This process is called transmutation.  
	Define transmutation.



	DATA TABLE

	1
	2
	3
	4
	5

	Shake #
	# of Half-lives
	# of Unstable Parent Nuclei that decayed
(“m side up”)
	Total # of 

Unstable Parent Nuclei

remaining 

(blank side up)
	# of Stable 

Daughter Nuclei added
(Smarties)

	0
	0
	0
	
	0

	1
	1
	
	
	

	2
	2
	
	
	

	3
	3
	
	
	

	4
	4
	
	
	

	5
	5
	
	
	

	6
	6
	
	
	

	7
	7
	
	
	

	8
	8
	
	
	

	9
	9
	
	
	


Graph the data in the grid below.  
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




Thinking Questions

1.  Approximately what percentage of parent atoms did you remove after each shake?

2.  Each shake represents a “half-life” for the m&m unstable parent atoms.  What does half-life mean?

3.  If you started with 100 m&m’s in the beginning of the activity…

a.  would the half-life change?________________ 
i. Explain.
b.  How many m&m’s would be left after 1 half-life?

4.  Analyze the graph that you made.  Based on the shape of the graph, will the # of unstable parent atoms ever go down to zero? (In other words, will the radioactive sample ever decay COMPLETELY?)

a. Explain why or why not.

5.  Analyze the table of half-lives below.

	Radioactive Isotope
	Half-life

	Polonium-214
	0.164 seconds

	Oxygen-15
	2 minutes

	Bismuth-212
	60.5 minutes

	Sodium-24
	15 minutes

	Iodine-131
	8 days

	Phosphorus-32
	14.3 days

	Cobalt-60
	5.3 years

	Carbon-14
	5730 years

	Plutonium-239
	24,110 years

	Uranium-238
	4.5 billion years


a.  Which isotope in the table will decay the fastest?____________________________
b.  Which isotope in the table will decay the slowest?____________________________
c.  Based on the half-life of oxygen-15, how much of a 40 gram sample will remain after 6 minutes?  Complete the chart below.  
	Radioactive Isotope
	Half-life
	Sample Amount

	Oxygen-15
	0 minutes
	40 grams

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Amount of Oxygen-15 remaining after 6 minutes_________________________
Total # Unstable Parent Nuclei


(y)








0





         1            2            3             4            5            6           7            8            9            10          11





# Half-lives (x)








