BAND OF STABILITY LAB
INTRODUCTION:
Most elements have isotopes. For stable isotopes, an interesting plot arises when the number of neutrons is plotted versus the number of protons. Because the plot shows only the stable isotopes, this graph is often called the Nuclear Belt of Stability. The plot indicates that lighter nuclides (isotopes) are most stable when the neutron/proton ratio is 1/1. This is the case with any nucleus that has up to 20 protons. As the atomic number increases beyond 20, a different trend becomes apparent. In this range, it appears that a stable nucleus is able to accommodate more neutrons. Stable isotopes have a higher neutron to proton ratio, rising to 1.5/1 for elements having atomic numbers between 20 and 83.
An understanding of the Belt of Stability will allow you to predict how unstable nuclides will decay. The typical modes of radioactive decay are alpha decay, beta decay and electron capture (or positron emission).
During alpha decay, the mass number of the nuclide decreases by 4 units and the number of protons decreases by 2. This type of decay is associated with heavy, unstable nuclides. Since no stable isotopes exist above atomic number 83, alpha decay stabilizes those isotopes having a Z value (atomic number) greater than 83 by lowering both the mass number and the atomic number. As an alpha particle is emitted, the number of neutrons and protons decreases, creating a more stable type of atom.
During beta emission, the net effect is that a neutron becomes a proton by ejecting an electron from the nucleus. The overall mass of the nuclide remains constant, since a proton and a neutron have approximately the same amount of mass. However, the result of beta decay is that the number of neutrons goes down by one while the number of protons goes up by one. The neutron/proton decreases, creating a more stable nuclide. Thus, when the n/p ratio is high, beta decay is favorable. This region corresponds to nuclides that would be found above the band of stability.
Positron particles have the same mass as an electron, but have a +1 charge. When a positron is ejected from the nucleus, the neutron/proton increases. The net effect here is that a proton turns into a neutron.  Another type of radioactive decay, electron capture, involves absorption of an inner shell electron by the nucleus. The electron is incorporated with a proton, creating a neutron. Again, the neutron/proton increases.  Both positron emission and electron capture occur to nuclides that are found below the band of stability.







	

	Procedure:
Part I:
1. Complete the following data table for the following stable isotopes.
2. Graph the elements, x-axis protons, y-axis neutrons.  Create a scale that uses the whole graph paper.  Connect the points in a smooth curve.  

Data Table 1:  

	Element
	Nuclear Symbol
	Neutrons
	Protons
	neutron/proton ratio

	Boron-11

	
	
	
	

	Oxygen-16

	
	
	
	

	Magnesium-24

	
	
	
	

	Silicon-28

	
	
	
	

	Chlorine-35

	
	
	
	

	Calcium-40

	
	
	
	

	Chromium-52

	
	
	
	

	Cobalt-59

	
	
	
	

	Zinc-65

	
	
	
	

	Bromine-80

	
	
	
	

	Strontium-87

	
	
	
	

	Molybdenum-96

	
	
	
	

	Silver-108

	
	
	
	

	[bookmark: _GoBack]Tin-119

	
	
	
	

	Iodine-127

	
	
	
	

	Barium-137

	
	
	
	

	Tungsten-184

	
	
	
	

	Iridium-190

	
	
	
	

	Gold-197

	
	
	
	

	Argon -40

	
	
	
	






Part II:  
1. Graph the following isotopes in a different color on the same graph from part I.  Use your graph to determine if these isotopes are stable or radioactive. 
2. If they are radioactive, determine which type of particle it will emit, alpha, beta, or electron capture (positron emission).  
3. Write a nuclear equation for the decay of the radioactive isotopes in the table 3.  

Data Table II:

	Element
	Nuclear Symbol
	Neutrons
	Protons
	neutron/proton ratio
	Is it radioactive?
	Type of Emission

	Carbon-14

	
	
	
	
	
	

	Polonium-210

	
	
	
	
	
	

	Nitrogen-14

	
	
	
	
	
	

	Magnesium-20

	
	
	
	
	
	

	Neon-20

	
	
	
	
	
	

	Sulfur-35

	
	
	
	
	
	

	Curium-248

	
	
	
	
	
	

	Strontium-90

	
	
	
	
	
	

	Carbon-12

	
	
	
	
	
	

	Nickel-59

	
	
	
	
	
	



Data Table III:
	Element
	Nuclear Equation

	Carbon-14

	

	Polonium-210

	

	Nitrogen-14

	

	Magnesium-20

	

	Neon-20

	

	Sulfur-35

	

	Curium-248

	

	Strontium-90

	

	Carbon-12

	

	Nickel-59

	


General Questions

	
	

	
		
	



	1)  Carbon-14 is a radioactive form of a very common element. Its nucleus consists of 6 protons and 8 neutrons. The most abundant and stable form of carbon, carbon-12, has 6 protons and 6 neutrons. Where is carbon-14 relative to carbon-12 on the band of stability?

	




	
	



	
	



	2)  The band of stability is above the line on the graph that has a slope of 1. What does this indicate about the number of protons and neutrons for the majority of elements?




	
	




	
	



	3)  What type of decay would stabilize an atom of uranium-238? The atomic number of uranium is 92.




	
	




	
	



	4)  A nuclide has 90 neutrons and 60 protons.  Will this nuclide undergo decay?  If so, what type?




	
	




	
	



	5)  A hypothetical isotope has 60 protons and 60 neutrons.  What type of radioactive decay would it most likely undergo?
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	6)  Identify the letter region of the graph associated with beta emission.




	
	




	
	



	7)  Identify the letter region of the graph associated with the emission of alpha particles.



	
	
	 



	
	



	
	



	8)  Identify the letter region of the graph associated with electron capture or positron emission.
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