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Nuclear Stability 

The nuclear stability refers to the elements whose nucleus is 

stable.  The elements are divided into two types on the basis of their 

nuclear stability: 

1. Radioactive elements. 

2. Non-radioactive element. 

To reach stability the nucleus spontaneously emits particles and 

energy and transforms itself into another atom. This process is called 

radioactive decay; the atoms involved are called radionuclides. 

Protons and neutrons are bound together by nuclear binding 

energy, the nucleus are very stable when containing certain numbers 

of protons and neutrons (magic numbers).  They are the number that 

filled nuclear shells.  

 These magic numbers are analogous to electrons in filled 

electronic shells that give noble gases special stability.  

Magic Numbers for electrons 2 8 20 28 50 82   

Magic Numbers for protons 2 8 20 28 50 82 126  

Magic Numbers for neutrons 2 8 20 28 50 82 126 184 
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Although four stable odd-odd nuclides exist:  21H,  63Li,  10
5B,  14

7N. 

 

Band of Stability: 

     Stable nuclides, if plotted on a graph of number of protons vs. 

number of neutrons, would all fall in an area enclosed by two curved 

lines known as the band of stability. The band of stability also stops 

at element 83 because there are no known stable isotopes above it. 

And elements lying outside the band of stability would be too 

unstable. As the number of protons increases, the ratio of neutrons 

to protons increases. This is because more neutrons are needed to 

compensate for the increasing proton-proton repulsions.  

 The chart of nuclides shows three cases: 

1. Light elements (Z = 1 to 20): the N/P =1 for stable isotopes, 

number of protons = number of neutrons. 

2. Heavy elements (Z = 20 to 82 or 83): the (N/P) is increase 

gradually into (1.53 /1), because the repulsive force between 

protons: the stronger the repulsion force, the more neutrons are 

needed to stabilize the nuclei. 

3.  Unstable elements (Z > 82or 83): the proton-proton repulsion is 

too great, thus no stable nuclide exists her. 

All elements with Z=82 or less have at least one stable isotope, 

except for technetium (Tc, Z= 43) and promethium (Pm, Z = 61). 
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Q: What is the number of neutron, protons, total nucleons 

and N:P ratio for the 12
6C ? 

Solution: 
 The number of proton =6,    Number of neutron =6 ,  

 Total nucleons =12     , N:P ratio = (6:6) =(1:1) 

                            

Belt of Stability: 

The belt of stability is used to determine where the alpha decay, 

beta decay, and positron emission or electron capture occurs. 

• Alpha decay: It occurs in unstable nuclides have too many 

protons and too many neutrons. 

• Beta decay and electron capture:  It occurs in unstable 

nuclides that have too many neutrons.  

• Positron decay: It occurs in unstable nuclides that have too 

many protons. 
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Q: What is the Stable nucleus? 
It’s the nuclei tends to have the same number of protons and 

neutrons (N = Z) up to A= 40, therefore it does not change from one 

element to another. Like oxygen which stays an oxygen atom 

forever.  

Q: why oxygen atom is stable? 

Because the nuclear force holding the nucleus together is much 

stronger than the electric force pushing the protons away.  

Q: what is the most stable nucleus? 
62Ni is the most tightly bound nuclei. 

 
 
Q: Does Bismuth is a stable nucleus? 

Yes, it is the last stable nuclei with the highest number of protons. 
 
Q: which are the unstable nuclei? 

  Nuclei with Z>82(83) or A>209. 

Q: why uranium is unstable nucleus? 

 Because the nuclear force is no longer strong enough to hold the 

nucleus together-and the electric force breaks the nucleus apart in 

a process called fission.        


